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ABSTRACT 
 
Cities in the Northeastern United States face threats of flooding due to precipitation 
increases and rising sea levels resulting from climatic changes. These threats are 
exacerbated by the reality that these cities are heavily developed, with large areas of 
impervious surface that lead to increased stormwater runoff loads and the potential for 
overflow. One way to alleviate these issues is to pursue a distributed green stormwater 
infrastructure approach, as both Philadelphia and New York have done. Through 
evaluating these plans and interviewing key stakeholders, this study aimed to 
understand what role both anticipated climate change impacts and urban planners had 
in the development and implementation of these plans. Results showed that the 
concept of climate change was not a main focus in plan development due to their focus 
on improving water quality issues associated with stormwater runoff, although plans 
promote resiliency through providing a range of environmental, social, and economic 
benefits. There was significant involvement from planners in both plan development 
and implementation through identifying opportunities to site green stormwater 
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INTRODUCTION 
Increased urbanization and a changing climate will combine to have significant 
impacts on urban water infrastructure, especially in dealing with the volume and 
pollutant load of stormwater runoff. Changing climate conditions are projected to 
increase severe weather events, precipitation volumes, sea level, and more (IPCC, 2014). 
These changes, coupled with an increase in impervious surfaces due to urban 
development, mean cities are highly vulnerable to flooding events and significant 
physical, economic, and social harm. This is especially true for cities with aging 
infrastructure, such as those in the Northeastern US. This research project aims to 
understand how the largest cities in the Northeast, Philadelphia, New York City, and 
Boston, are attempting to address these issues with green stormwater infrastructure. In 
addition to gaining this understanding, I want to see how and to what extent urban 
planners were involved throughout this stormwater management process. This research 
project is based on both a content analysis done on green stormwater planning 
documents from each city and key informant interviews with stakeholders. The plan 
reviews helped generate more knowledge on the different ways each city is approaching 
green stormwater infrastructure and identified key stakeholders in both plan 
development and implementation. Interviews provided context and detail on how these 
processes played out within each city and helped identify key areas where planners can 
utilize their skillsets and land use authority to aid in developing green stormwater 
infrastructure programs in densely populated urban areas.  




 This literature review will take a closer look at climate change and its projected 
impacts on the Northeastern US, provide a historical overview of urban water 
management as a whole, detail some of the best management practices involved with 
sustainable stormwater management, and finally take a look at how urban water 
infrastructure management frameworks are currently evolving.  
 
Climate Change and Its Impact on Urban Water Infrastructure 
Earth’s climate is changing, and the impacts on natural systems are being felt 
across the globe. These changes are heavily influenced by human activity, mainly the 
emission of greenhouse gases (GHGs), and have resulted in in a warmer atmosphere, 
warmer ocean, decreases in snow and ice, and higher sea levels (IPCC, 2014). GHG 
emissions have been steadily on the rise since the pre-industrial era due to both 
economic and population growth, influencing the global water cycle since 1960 (IPCC, 
2014). The global water cycle is an extremely complex system, including oceans, lakes, 
glaciers, and more across the world. Disruption to this cycle can lead to irregularities in 
the availability of water, especially through changing precipitation patterns. Since 1950, 
there have been observed changes in the likelihood of extreme weather events, 
specifically changes in the frequency and intensity of precipitation leading to greater 
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flooding risks and higher storm surges resulting from higher sea levels (IPCC, 2014). 
Climate change may not be the only culprit, however, as human interventions into the 
water cycle, mainly dam construction and water withdrawal, contribute a significant 
amount to issue of water supply and stormwater runoff (Haddeland et al. 2014). Even 
so, these climatic changes are projected to continue as we move further into the future, 
creating even more devastating impacts for communities across the globe.  
Some of the communities most vulnerable to these changes are urban coastal 
communities. Low-lying coastal communities are particularly susceptible to sea level 
changes and are projected to experience extreme sea level events annually by 2050, 
which may lead to an increase in annual flood damages by 2-3 times. (Oppenheimer, et. 
Al, 2019). These communities will experience increased mortality and morbidity from 
extreme weather events. (Romero-Lankao et al., 2014).   
Any projected changes will impact different regions in different ways and 
understanding how changes will manifest themselves in specific regions is paramount to 
taking relevant and effective action. In the Northeast USA, winter precipitation is 
expected to increase 20-30%, with the southern part of the region (mainly Pennsylvania 
& New Jersey) experiencing the largest increase in rainfall, and 20-40 more days with 
temperatures above the 1990 90th percentile each year by 2090 (Hayhoe, et. Al 2007). 
These warmer temperatures and significantly hotter days will increase the demand for 
irrigation, which is significant because irrigation makes up the majority of water demand 
across the world (Haddeland et. al, 2014).  
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The region is also projected to incur increased impacts associated with storm 
events and water quality; however, it is difficult to causally attribute flooding trends to 
climate change (WGII AR5, IPCC). One of the main reasons for this is that land use 
decisions and infrastructure planning have a significant impact on an urban areas ability 
to deal with changes in precipitation and storm events (Kirshen, Ruth, & Anderson, 
2007). Urban areas have a higher capacity to adapt, but higher population densities, 
aging infrastructure, lack of institutional capacity, and already degraded natural 
environments only serve to magnify the risks associated with these changes to climate 
and weather patterns (Romero-Lankao et al., 2014). “Urban” is a difficult term to define 
as there are more strict definitions linked to demographics and others focused on land 
use and the built environment, however increased development of previously natural 
spaces heavily alters the hydrology of the site and contributes to changes in stormwater 
runoff volume, timing, direction, and pollutant load (McGrane, 2015). This increase in 
impervious surfaces leads to increased flooding risks if existing infrastructure cannot 
handle the changes in volume and direction of runoff, which in turn creates public 
health problems, temporary losses to energy production, property losses, and more 
(Kirshen, Ruth, & Alexander, 2007).  
Increased flooding risk in the region is also associated with higher storm surges 
due to the combination of sever storm events and sea level rise. Kirshen et al. (2008) 
projects that coastal areas in the Northeastern US will see significant changes to storm 
surges, with Massachusetts experiencing 100-year level surge every 50 years or less by 
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2050 and New York City experiencing one every 30 years by 2100, given a low emissions 
pathway. Tebaldi, Strauss, & Zervas (2012) reported similar findings, projecting 
Northeastern coastlines to experience 100-year storm surges every 10-75 years by 2050. 
Another analysis of several different climate models showed differences in the 
frequency and severity of future storm surges in the region, with a weighted-average 
projection showing 6-7% increases in 10- and 50-year storm surge levels caused by 
severe storms across multiple sites (Lin, Marsooli, & Colle, 2019). While the exact 
projections may vary depending on the models used, the evidence points to these 
events becoming more frequent if we do not curb our GHG emissions.   
Kundzewicz et al. (2018) reminds us that projecting changes in the earth’s 
climate is a process rife with uncertainty, as the climate system is incredibly complex 
due to a myriad of external drivers and internal feedback loops that make it difficult to 
accurately predict changes and their resulting impacts. A solution to dealing with this 
uncertainty is undergoing planning processes that utilize projected ranges instead of 
exact quantitative values. This is important to note because the projections used 
directly relate to the solutions that are chosen and implemented. Kirshen, Ruth, & 
Anderson (2007) state that taking any type of action before 2050 will lower adaptation 
and impact costs, citing land use planning as an adaptive action with high potential. This 
is because land use planning is directly related to service provision and infrastructure 
development, with water service being a key sector that’s impacted by climate change 
and infrastructure being a key sector for adaptation. 
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History and Evolution of Urban Water Management 
Urban water infrastructure in the United States has evolved tremendously over 
the centuries. The observed trend throughout this time has been a change in the needs 
of citizens that resulted in a change to the infrastructure, which in turn resulted in 
negative externalities leading to the need for more evolution, which then led to 
different externalities, and so on (Arden & Jawitz, 2019). The history of providing water 
to residents is one of constant change and evolution, each new evolution responding to 
a new contemporary problem. Essentially, the entire process is crisis driven (Sedlak, 
2019). Before diving into the history of these changes and the impacts they’ve had on 
society, economics, and the environment, it is important to understand the legal 
framework that surrounds urban water infrastructure and the regulations involved with 
supplying clean water to consumers.  
 To start, United State Federal Law does not recognize a “right to water”, like 
many countries around the world, but there are laws that regulate the quality of water 
(Murray & Kominer, ND). The two most influential of these laws are the 1972 Clean 
Water Act (CWA) and 1974 Safe Drinking Water Act (SDWA). The main goal of the CWA 
was to control the pollution loads in the nation’s waters to improve water quality and 
protect wildlife and recreation by allowing the EPA to set minimum pollution standards 
while allowing states to dictate enforcement mechanisms (Mihelcic & Rains, 2020). 
Since it was enacted in 1972, the United States has spent over $1 trillion on efforts to 
curb water pollution, mostly through “point-source” pollution from wastewater 
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treatment plants and industrial dump sites, to varying degrees of success (Kesier & 
Shapiro, 2019). This effort also included introducing National Pollutant Discharge 
Elimination System (NPDES) permits, which are in place to control industrial pollution 
sources that discharge directly into national waters (Kesier & Shapiro, 2019). Section 
208 of the CWA establishes the need for areawide management and planning with EPA 
approval, requiring the identification of water quality issues, development of programs 
to control both point and nonpoint source pollution, and forbidding any development 
that is not consistent with the plan (Hall, 1978). Section 303(d) requires states to 
compile a list of waterbodies that do not meet established water quality standards, 
develop a priority ranking system for these impaired waters, and calculate maximum 
allowable pollutant amounts for them, known as Total Maximum Daily Loads (TMDLs) 
(“Overview”, n.d.).  States then allocate NPDES permits in a way that ensures pollutants 
stay beneath these TMDLs. Section 319 specifically addresses nonpoint source pollution, 
the contamination that occurs when rainfall and snowmelt interact with human land use 
activity like agriculture or construction, by providing direct funding for management 
programs (Dressing et. al, 2014). Unfortunately, the exact meaning of “national waters” 
has been highly contested in recent times, possibly reducing the effectiveness of CWA 
regulations and investments (Mihelcic & Rains, 2020).  
 Stormwater is an important aspect of maintaining TMDLs and the NPDES 
permitting process. Many cities utilize municipal separate storm sewer systems (MS4s) 
in conveying stormwater runoff. In the 1990s, legislation was introduced that required 
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cities with population over 100,000 to obtain NPDES permits for stormwater discharge, 
known as Phase I MS4s, with smaller MS4s later being required to do the same under 
what is known as Phase II regulations (“Stormwater”, n.d.). However, some cities still 
have extensive combined sewer systems (CSSs) that are susceptible to combined sewer 
overflows (CSOs) due to both wastewater and stormwater being conveyed in the same 
system, which can lead to contamination concerns if these overflows are discharged 
directly into nearby waterbodies. Around the same time as MS4s were being 
categorized, the EPA created a CSO Control Policy to ensure areas with CCSs also 
maintain compliance with Clean Water Act standards; this policy requires Long-Term 
Control Plans (LTCPs) that include identifying sensitive areas, evaluating CSO controls, 
and generating both an operations plan and an implementation schedule (Combined 
Sewer Overflows, 1995). 
The goal of the SDWA was to curb the pollution of drinking water specifically, 
once again granting the EPA the right to establish uniform drinking water standards 
while states dictate enforcement (Weinmeyer et al, 2017). The SDWA has been fairly 
successful in improving the quality of drinking water, including water used for bathing, 
cooking, dishwashing, and maintenance of oral hygiene, and the EPA reports that more 
than 90% of the country’s water meets the standards at all times (Weinmeyer et al, 
2017). Unfortunately, the act has struggled to keep up with new pollutants, which some 
believe is the result of some vague language and a 1996 amendment that 
simultaneously increased the amount of proof needed and decreased the amount of 
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pressure on the EPA to establish new regulations (Snider, 2017). The result is that there 
hasn’t been a single contaminant added to the regulatory list since then, in a timeframe 
where thousands of new chemicals have been introduced into the market (Snider, 
2017). This calls into question the standards against which the drinking water is 
measured. The 1996 amendments also included a requirement for states to create 
Source Water Assessment Programs (SWAPs) to identify drinking water sources, their 
vulnerability to contamination, and to disseminate that information to users (Source 
Water Assessment, 2020). In addition, the proliferation of hydraulic fracking – used in 
90% of new oil and gas wells – has become a contentious issue for the SDWA, as the 
Energy Policy Act of 2005 limited the EPA’s regulatory powers to only apply to fracking 
operations that used diesel fuel (Tiemann & Vann, 2012). While it may not be a legal 
requirement to provide water access at all, the law does require protecting water 
resources from pollution in order to protect public health, natural ecosystems, 
recreation, and more.  
 Before complex infrastructure systems were built and water quality laws passed, 
urban water infrastructure’s original purpose was moving water throughout a city to 
avoid flooding issues. In the 18th century, urban water infrastructure in the US was 
mostly storm drains in low-lying areas (Arden & Jawitz, 2019). This basic service was put 
in place in order to deal with the main issue with water service: flooding. Population 
increases in the early 19th century meant that more and more water was being directed 
into these systems, as more and more people were producing wastewater and sewage 
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that would find its way into stormwater drains (Arden & Jawitz, 2019). To respond to 
the changing demands, New York City invested over $100M in infrastructure upgrades 
to handle the increased load, with Philadelphia, Boston, and Washington D.C. taking 
similar measures. (Sedlak, 2019). In this time, water services were mainly focused on 
supplying consumers and collecting sewage (Arden & Jawitz, 2019). By 1860, public 
water supplies became much more popular as a result of these demand increases; 
private companies simply could not handle the capital-intensive process that was now 
needed (Tarr, 1984). Following the basic laws of supply and demand, water usage 
increased significantly where water was more readily available to consumers. These 
behavioral changes led to new externalities that needed to be addressed. As 
populations and water usage boomed, a commensurate amount of wastewater was 
produced and found its way onto local streets and waterbodies, proliferating water-
borne diseases and degrading the surrounding environments (Tarr et. al, 1984). Instead 
of piecemeal additions to existing systems as urban populations continued to grow, 
cities began planning out complex infrastructure. It was the associated infrastructure 
plans and their attention to how growth and development would impact the health and 
wellbeing of residents that many believe gave rise to the modern urban planning 
profession (Peterson, 1979).  
 This newfound issue of water quality was solved the same way the issue of 
supply was originally solved, through major public investment into infrastructure 
upgrades. Cities were faced with two main options: simply pipe all the wastewater away 
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and dump it somewhere else or treat the water to decrease the pollutant load (Arden & 
Jawitz, 2019). The beginnings of the 20th century saw major technological advancement 
in water treatment, helping cities solve two issues at once by treating the city’s 
wastewater and making it usable again. Through the use of chlorination and filtration 
methods, wastewater treatment advances contributed to reducing instances of water-
borne diseases nearly 100-fold by 1940, an achievement that led to the National 
Academy of Sciences naming them one of the 5 greatest innovations of the 20th century 
(National Resources Council, 2002; Sedlak, 2019). It was also around this period that 
stormwater infrastructure began to become its own entity, rather than a more 
secondary function to existing sewers. The composition of urban water infrastructure 
changed greatly in the first half of the 20th century, with 74% of sewer systems being 
combined wastewater and stormwater in 1909, shifting to 79% of cities separating the 
two into separate systems by 1945. (Arden & Jawitz, 2019). At the time, it was thought 
that this separation would allow stormwater flows to stay relatively pollution free since 
they wouldn’t interact with contaminated wastewater, but the EPA discovered that this 
wasn’t the case and stormwater may still require treatment before releasing it back into 
local water systems (Lager & Smith, 1974). This meant that the pollution issue wasn’t 
solved forever, and economic development and population increases lead to even 
greater volumes and varieties of pollutants contaminating water supplies. These 
changes eventually led to the CWA and SDWA being signed into law, making secondary 
and even tertiary treatment necessary in order to reach the standards (National 
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Resource Council, 2002). Due to an increased focus on the environmental component of 
water infrastructure, stormwater systems began to see an increase in investment 
because of these newfound pollutants and studying their effects on surrounding 
ecosystems (Arden & Jawitz, 2019). In the decades since the passing of the CWA and 
SDWA, costs for service providers have increased as standards have become stricter, 
infrastructure has aged, demand increases, and more (National Resources Council, 
2002).  
 
Stormwater Best Management Practices  
Green infrastructure solutions are gaining traction within urban stormwater 
management approaches as they become more focused on the goals of sustainable and 
low impact development while decreasing pollutant loads and sewer overflows (Kloss, 
2008). This sustainable management approach is growing in popularity due to its 
focuses on community and environmental wellbeing, and its ability to address the 
current and future challenges associated with water supply and quality (Marlow, Cook, 
& Beale, 2012). This section will shed some light on a few of the Best Management 
Practices (BMPs) in this area. These include permeable pavement systems, infiltration 
trenches, bioswales, bioretention cells, raingardens & downspout disconnections, and 
rainwater harvesting.  
 Permeable pavement systems (PPSs) can be applied in a variety of contexts 
across residential, commercial, and industrial land uses (Scholz & Grabowiecki, 2007). 
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PPSs increase the infiltration potential of previously impervious surfaces by instead 
using more porous material, thus reducing stormwater runoff by capturing and filtering 
some. This allows for better stormwater management while still maintaining the 
primary use of the land. Hu et. al (2018) reports that PPSs have shown success in 
reducing storm runoff peak and runoff volume, improving water quality, and overall 
good performance on flood mitigation, with specific performance metrics being 
influenced by the materials, usage, service life, and maintenance. Tests completed after 
six years of daily parking use showed that PPSs resisted wear while still maintaining 
infiltration potential and structural durability (Scholz & Grabowiecki, 2007). One of the 
drawbacks to PPSs is clogging may lead to performance reductions, and the potential for 
this is once again dependent on materials, service life, and maintenance (Hu et al., 
2018).  
 Infiltration trenches are long and generally shallow depressions filled with coarse 
gravel, designed to store and slowly infiltrate stormwater runoff and are typically used 
near commercial areas, parking lots, and open spaces (Chahar, Graillot, & Gaur, 2012). 
Designing trenches isn’t as simple as digging a ditch near the side of the road, as depth 
and materials greatly impact their effectiveness. Trenches in Copenhagen were 
monitored for 15 years after installation, and researchers found that over time trenches 
are susceptible to clogging, with runoff being discharged – not captured – at a rate of 10 
times more after 100 years of use (Bergman, et al., 2011). Cahar, Graillot & Gaur (2012) 
recommend maintaining sediment filters or detention basins for runoff to pass through 
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before it enters the trench, thus reducing the sediment load and the potential for 
clogging.  
 Bioswales are vegetated depressions with sloped sides that contain and treat 
stormwater runoff (Anderson, et. al., 2016). They maximize the time runoff spends in 
the swale, which leads to increase filtration of pollutants; the vegetation provides other 
benefits including reducing net precipitation through plant’s absorbing rainfall, 
increasing soil capacity through plant water uptake, and improved infiltration via root 
channels. (Xiao, et. al, 2017). Tests measuring the toxicity of parking lot runoff before 
and after traveling through parking lot bioswales in Salinas, CA showed that they were 
very effective in reducing contamination to such levels that didn’t impact local species 
survival (Anderson, et. al., 2016). Xiao, et al. (2017) demonstrated that including 
engineered soil mixes into bioswales increased runoff reduction and filtration, while also 
supporting urban tree canopy. Bioswales are a versatile method to both reduce the 
volume of runoff entering typical sewer systems and also filtering out pollutants while 
providing urban habitat for local species of flora and fauna. These study results are 
encouraging, but other studies have shown that stormwater filtered through bioswales 
contains increased levels of nitrogen and phosphorous, possibly due to the length that 
they are in operation (Shetty et al., 2019).  
 A bioretention cell is a shallow depression filled with materials like sand, soil, 
and mulch and containing subsurface underdrains that help cells filtration water without 
overtaxing the capacity of the cell (Passeport, 2009; Paus et al, 2014). Studies have 
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shown that these cells can efficiently capture suspended solids and heavy metals, but 
performance issues may arise as the cells age (Passeport, 2009; Paus et. al, 2014). 
Clogging issues persist, as with similar bioretention practices, and typically occur in the 
inflow area of the cell, when sediment load is expected to be the greatest (Paus et. al, 
2014).  
 Buffer, or filter, strips are vegetated areas adjacent to waterbodies that allow 
control over runoff rates and pollutant loads through infiltration, deposition, 
absorption, and filtration (Woodward & Rock, 1995). These strips are some of the 
simplest and most cost-effective ways to control stormwater runoff, and studies have 
shown that they can remove up to 50% of sediment from runoff (Deletic & Fletcher, 
2006). These strips are gently sloped, typically covered in vegetation such as trees, 
shrubs, and other natural plants (Hager, 2019). Hager (2019) states that buffer strips 
have limited infiltration capabilities, and many factors influence efficiency including 
slope, vegetation type, and width.  
 Constructed stormwater wetlands, popular in the US and around the world, are 
artificial, shallow, and extensively vegetated water-based ecosystems that store and 
treat stormwater runoff through vegetative filtration and uptake, adsorption, and 
biological decomposition (Mangangka, 2017). Designing these wetlands is difficult due 
to stochastic nature and pollutant load associated with stormwater runoff (Wong & 
Geiger, 1997). The benefits of these systems not only include volume and quality 
control, but also the creation of habitats for urban wildlife; the suitability of these 
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habitats is questionable due to the high concentration of more tolerant species 
(Mackintosh, Davis, & Thompson, 2015). The retention-based nature of these wetlands 
allows them to significantly reduce runoff volumes while also providing an efficient 
source for groundwater recharge (Hager, 2019).  
 Rainwater harvesting systems are popular around the world due to their two-
fold purpose in decentralizing water supply and stormwater management (Steffen et al., 
2013). These systems operate by diverting runoff, typically from roofs, into storage 
containers for use at a later date. Sometimes, these uses include laundry washing or 
toilet flushing, although such systems are more complex than basic storage (Steffen et 
al., 2013). Landowner control over the practice is a huge advantage, however relying 
solely on roofs as the source of runoff misses a large majority of available rainwater for 
harvest (Petrucci et al., 2012). A study of water quality within these systems found that 
with a basic filter, harvested water was within quality standards (Hager, 2019).  
 
Evolution of Management 
There is a growing movement to coordinate the planning and water 
infrastructure professions, due to the direct relationship between land use and 
infrastructure development (Cesanek, Elmer, & Graeff, 2017). Our national water 
infrastructure was given an “F” grade by the Army Corps of Engineers, a glaring sign that 
our current systems may not be suited for the upcoming challenges (Sedlak, 2019). For 
the longest time, the main course of action for stormwater management was detention 
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and discharge through a series of pipes and catchment basins, similar to sewer system 
(National Research Council, 2008). This system of buried pipes can be costly to maintain, 
overly complex, and even wasteful when it comes to recycling stormwater for both non-
potable and potable reuse (Marlow, et. al. 2012). The limits of on-site detention are now 
being exposed, and strategies focused on increasing infiltration and lower the 
hydrological impact of development are gaining significant traction across the country 
(National Research Council, 2008). These infrastructure changes support localized 
adaptations for environmental issues and provide additional benefits, but their 
implementation is typically piecemeal and highly political (Harrington & Hsu, 2018). 
Also, these practices pose significant management and implementation problems 
(Marlow et al., 2012). The difficulty in implementing and managing these new practices 
is heavily influenced by how existing infrastructure systems are so engrained into the 
land use and design of urban spaces; it is difficult to simply reimagine such a complex 
and aged system, especially in a way that may decrease financial incentives for some 
stakeholders (Marlow et al., 2012).  
As these challenges persist, it is critical that planners and water professionals 
seek to join forces to promote goals of sustainability alongside effective urban water 
management (Plummer et. al, 2011). Integrated water resource management (IWRM), 
generally defined as a process of coordinated management between a variety of 
stakeholders, has gained traction in recent years as a framework for the future due to 
increased understanding of how the relations between land use and water quality & 
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quantity can be manipulated to lead to more sustainable outcomes (Plummer et. al, 
2011). A shortcoming of this integrated approach is how it handles uncertainty 
(Akamani, 2016).  Adaptive governance and management are touted as ways to address 
this, in addition to shortcomings of traditional centralized planning, when dealing with 
the decentralized and largely uncertain nature of implementing green stormwater 
infrastructure into urban settings (Hsu, Chao Lim & Meng, 2020). Adaptive management 
is a process of continual evolution of policies in response to results from experimental 
endeavors; adaptive governance is the collaboration between stakeholders at multiple 
scales that also promotes an evolution of policy as situations and understanding 
changes (Hsu, Chao Lim, & Meng, 2020). Adaptive governance is seen as a way to 
address both IRWM’s issues with uncertainty and adaptive management’s lack of 
emphasis on the human dimension of management, such as values and how they impact 
decision-making, by promoting a socio-ecological perspective (Akamani, 2016). These 
approaches require collaboration between stakeholders due to the high value they 
place on diversity of expertise, especially when dealing with complex issues like 
managing urban water infrastructure. Government stakeholders play an important role 
in both adaptive management and governance through their involvement in policy 
generation, information sharing, and funding (Harrington & Hsu, 2018). Green 
stormwater infrastructure provides a great opportunity for stakeholders to utilize these 
frameworks to combine public issues like livability, environmental health, and climate 
change adaptation and resilience with water quality goals (Harrington & Hsu, 2018). 
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Typically, hydraulic engineers dominated the field of water resource management, but 
the formulation and proliferation of integrated and adaptive approaches have increased 
the value of social sciences and the perspectives they bring (Akamani, 2016).  
 
Conclusion 
Projected increases to severe flooding risks due to climatic changes creates a 
need for updating current urban water infrastructure to be better equipped to handle 
future challenges. Regardless of the emissions pathway that the world takes, the 
Northeastern US can expect to see more severe storm events and higher storm surges 
along the coast. If the history of urban stormwater management has taught us anything, 
it is that the adoption of technological improvements alongside significant public 
involvement and funding can help alleviate the most pressing problems our 
infrastructure systems face. Understanding the causes, challenges, and potential 
solutions is incredibly important in protecting the health, safety, and wellbeing of 
people across the region. In order to do this, scholars recommend that urban planners 
and water professionals work collaboratively to create sustainable solutions that 
incorporate all relevant expertise and perspectives. The following research will explore 
this concept within the contexts of Philadelphia, Boston, and New York City’s 
approaches to green stormwater infrastructure, evaluating the impact urban planners 
had on the planning, implementation, and management processes.  
 




Overview of Research Design & Plan 
 
I measured the planning process for stormwater management by the different 
parts or stages that were undertaken in order to eventually create a stormwater plan. I 
identified these various stages by looking through each of the stormwater management 
plans published by the cities themselves; the plans they’ve developed in order to guide 
their decision-making involving stormwater management. While the plans themselves 
were not identical, they followed a basic structure that involves stages such as data 
collection, goal formulation, policy recommendations, and potential projects. 
Furthermore, interviews gave a more in-depth look at the process itself.  
More importantly, these interviews allowed for better understanding of planner 
involvement in stormwater planning. Researching the various parts of the planning 
process created the foundation of my interview questions, and these questions aimed 
to gauge the impact planners had on both plan-making and the implementation of any 
policies, the approval of projects, etc. The interviews helped to gain a better 
understanding of planners’ roles in stormwater management and related infrastructure 
development, which in turn helped me identify both successes and failures of planners 
in urban water resource management. The interviews dug deeper into the involvement 
by speaking directly to those who are familiar with the stormwater management in a 
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city. These planners and water professionals have direct knowledge of the specific 
contexts. To glean these results, the responses were coded according to the description 





This research is focused on planners’ involvement throughout the process of 
implementing green urban stormwater infrastructure in the Northeastern US. The first 
step was to analyze stormwater infrastructure plans for Philadelphia, Boston, & New 
York City. This generated knowledge on how plans were developed, what goals had 
been set, which Best Management Practices were being employed, which stakeholders 
were involved, and who contributed to the plan development.  
The geographic focus of the Northeast is based on the age of the cities and their 
infrastructure systems. These are some of the oldest cities in the country, and their 
infrastructure is the same. Looking at how these places are attempting to modernize 
and adapt to projected climate changes is a worthwhile study because understanding 
how large, dense, and old cities are attempting to shift their approaches to solving 
issues with water infrastructure can help inform cities of all sizes and ages on how to 
approach the process themselves, if they so choose.  
I limited plan selection to the most recent possible, in order to capture the most 
up-to-date ways in which these cities are handling their stormwater infrastructure, and 
the relative planners’ involvement at all points in the process. This included information 
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on individual projects, as these are the best indicators of how any policies and/or 
recommendations suggested by plans are being implemented. I utilized a content-
analysis approach to see how climate change impacts were mentioned, who the most 
involved stakeholders were, how principles of adaptive management were being 
utilized, which BMPs were included, any implementation timelines and steps, and both 
investment levels and funding strategies. In regard to BMP analysis, the content fit into 
either a “mentioned” category or “detailed”; mentioned BMPs were simply named in 
the document, while detailed ones were accompanied with either diagrams, 
explanations of how they work, or photos from pilot projects. This analysis of who is 
involved, what they are doing, and how they are doing it heavily informed the interview 
stage by providing important context for drafting questions and also identifying which 
organizations and public agencies I should reach out to.  
 
Key Informant Interviews 
Next, I identified the best candidates for interviews from each city. This was 
done through identifying which agencies and organization were either mentioned as 
stakeholders in the eventual implementation process or acknowledged at the end of the 
plan as having contributed to its development. Once I ascertained the relevant agencies 
and organizations, I sent emails to staff members by order of presumed authority within 
the organization. For example, I contacted Executive Directors or Commissioners first, 
then program leads, then more geographically focused staff. Contact emails contained 
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basic information about the basis of the study, why the recipient was chosen as a 
possible participant, an opportunity to recommend a colleague in their stead, and 
logistical information about the interview such as timing and method. In one instance, 
several potential participants lead me to the same person within a city agency instead of 
participating themselves, repeatedly citing this person’s extensive knowledge on the 
subject.  I used a snowballing technique in the interview itself, as the final question that 
I asked the participants. This question would sometimes lead to person already 
interviewed, similar to how initial email contact led me to the same person through 
multiple people. In addition to emails, I located some potential participants through the 
website LinkedIn, as email addresses were not published on publicly accessible 
websites. When contacting potential participants through LinkedIn, I used a condensed 
version of the initial email, due to character limitations on the website. This truncated 
message included information about the researcher and research goals, along with the 
justification for choosing the individual as a potential participant. I sent follow-up email 
after 2 days if I did not receive a response to the initial email, with a reference to the 
date of the initial email if more information was needed. After participants agreed to a 
mutually convenient date and time, I sent them an informed consent document along 
with the interview instrument to meet IRB protocol, and participants were as informed 
as possible.  
I conducted Interviews over both Zoom and Microsoft Teams, due to both 
pandemic-related restrictions and the physical locations of the study areas relative. They 
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were recorded using recording functions embedded within the software itself. 
Interviews lasted between 30 minutes to 1 hour. After successful downloads and 
conversion of the recordings, I immediately discarded the video recordings. I transferred 
the audio files to a secure file within an external hard drive, which was kept inside a 
locked apartment. Audio files were transcribed using both the Google Doc speech-to-
text function or through the online transcription service Temi.com. After converting to 
Word documents, both the Google documents and transcriptions were deleted from the 
respective accounts. These word documents, the official transcriptions, were kept on 
the same hard drive as the audio files.  
The purpose of the interviews was to allow a more in-depth look at how a green 
stormwater plan formed, what types of research were done, how decisions were made, 
how implementation has gone, what maintenance has been like, and more. I broke the 
interview instrument into 4 sections: Background, Plan Development, Plan 
Implementation, and Concluding Questions. Background questions were focused on 
what role(s) the participant was in during their interaction with the plan, how long they 
held the role, what their interaction with the plan was, and the impetus for the plan.  
Plan Development questions were further broken down into 3 sections: Climate 
Change, Best Management Practices (BMPs), and Adaptive Governance. The goal of the 
climate change section was to see how and in what ways any projected climatic changes 
impacted the development of the plan, any comparisons to other plans, and any 
noticeable changes over time in how climate change has impacted GSI in each city. The 
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BMPs section was focused on how certain practices were chosen, including what data 
was used, how, and who was making the decisions. The Adaptive Governance section 
aimed to uncover how communication between stakeholders occurred, how 
perspectives and knowledge areas were balanced, and how new information may have 
changed the process as it went on.  
The Plan Implementation section was primarily focused on how communication 
evolved over time and discussion on successes and challenges that have occurred as 
cities have worked to implement plans. In addition, participants were asked for ways in 
which they thought implementation could be improved.  
The Concluding Questions were crafted as fairly general so that participants had 
the opportunity to provide unstructured input. The first question solicited advice for a 
professional who was working to develop and implement a GSI plan for their own city. 
The second allowed participants to simply discuss any important or interesting aspect of 
their GSI work that they believed was not covered in the previous question. Finally, 
participants were asked to recommend any colleagues as potential participants, the 
snowballing technique mentioned earlier.  
I interviewed planners, engineers, and other water professionals, in order to 
generate a more comprehensive look at the stormwater planning process. The total 
number of participants was ten. Participants represented mostly public entities, either 
being a part of full-time staff or brought in for a period of time as a consultant. The 
interview subjects were those with intimate knowledge of the process of developing 
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and implementing green infrastructure BMPs outlined within plans. This helped deepen 
the understanding of how planners were involved in both the development and 
implementation of these green infrastructure plans and what kind of challenges they 
faced, as well as gaining the perspective of water professionals, such as engineers, to 
gain a better view of the development and implementation process as a whole.  
Response Analysis  
The final step was analyzing the interview responses. I imported official 
transcription documents into the coding software MAXQDA, due to my familiarity with 
the program from a previous research project. The software allows researchers to pool 
documents together in the analysis process. The initial, or “first cycle”, coding I used was 
primarily a combination Initial and In-Vivo Coding. Initial Coding is not a very defined 
process, which allows researchers to stay open to all possible interpretations of the data 
itself (Saldaña, 2016). It involves producing a word or phrase that generally, or even 
specifically, describes the nature of what the participant is saying (Saldaña, 2016). Initial 
coding can be both detailed, with multi-word phrases, or general, with single-word 
categories. For this project, I used Initial Coding with a great attention to detail, 
attempting to produce phrases for as many lines as possible throughout each interview 
transcript. In-Vivo Coding is the process of copying words or whole phrases directly from 
transcriptions, in order to maintain the actual terms used by the participants (Strauss, 
1987). Saldaña (2016) recommends In-Vivo coding for projects by beginning qualitative 
analysts that want to prioritize the direct meaning of what each participant is saying. 
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The combination of these two coding methods produced a condensed, yet incredibly 
detailed, set of codes to describe the interview responses.  
Next, I did a round of Second Cycle coding to further organize these detailed 
codes into more general categories in order to make identifying themes easier. I used a 
Focused Coding method to do this. Focused Coding is a process of creating categories 
for codes that exhibit thematic similarities and is typically used in conjunction with 










Philadelphia’s Green Infrastructure Plan, titled “Green City, Clean Waters” 
(GCCW), was first submitted to the EPA in September 2009. The Introduction of the Plan 
Summary states that “significant are our new challenges to water quality and quantity, 
aging infrastructure, and the impacts of climate change on human health and our 
ecosystems.” (Green City Clean Waters, 2011, p.1). GCCW makes many references to the 
relationship between land use and water resources, discussing how increased 
impervious land impacts both the quantity and quality of polluted runoff that flows into 
the city’s sewer systems. The Philadelphia Water Department calculated that they spend 
$150 million each year on maintaining and upgrading existing systems, with the 
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anticipation that increasingly stringent federal standards would increase the cost of 
operating the current system (Green City Clean Waters, 2011).  The plan places an 
emphasis on utilizing green stormwater infrastructure on both public land and through 
private incentives, with a 25-year time horizon. After these 25-years, the city had 
planned to invest a total of $2.4 billion ($1.2 billion in 2009 dollars) in order to capture 
85% of runoff previously collected in the city’s combined sewer system; these figures 
made the plan the largest investment in a green stormwater infrastructure program in 
the country (Green City Clean Waters, 2011). 
When compared to the anticipated costs from operating the current system, the 
city decided that green stormwater infrastructure would be “both the most 
environmentally and economically favorable way to remediate the effects of 
urbanization on the City’s waterways” (Green City Clean Waters, 2011, p.38). 
Philadelphia had gotten a head start on funding for the plan due changes in stormwater 
regulations instituted in 200 (Green City Clean Waters, 2011). The regulations stated 
that any project inside City limits over 15,000 square feet must manage the first inch of 
stormwater on-site; after estimating a 1% redevelopment rate the city believed they 
would incur more than $1 billion of funding through these private regulations over the 
25-year time horizon (Green City Clean Waters, 2011). In addition to this avenue of 
funding, the city looked to secure a multitude of grants for the program. Still, the city 
anticipated funding issues arising from raising water bills for ratepayers, as much as a 
fourfold increase, and the plan discussed the potential to create “stormwater credits” 
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where the city would assist in developing GSI solutions for their properties (Green City 
Clean Waters, 2011). 
A major focus of the plan was justifying a green approach by outlining not only 
the primary impacts of capturing runoff, but the secondary benefits as well. The plan 
emphasizes that there are not just environmental benefits, but also economic and social 
ones. This is referred to as the “Triple Bottom Line” in the plan. The economic benefits 
can be realized through providing employment opportunities, about 250 jobs annually, 
to individuals without the need for prior education or experience (Green City Clean 
Waters, 2011, p.18). The social benefits are described as recreational enhancements, a 
better quality of life through neighborhood revitalization, and the promotion of public 
health through the reduction of the urban heat island effect (Green City Clean Waters, 
2011). Environmental benefits were listed as improved air quality, energy savings, and 
ecosystem restoration (Green City Clean Waters, 2011). 
Figure 1 visualizes the comparison of a distributed GSI approach and traditional 
grey calculated by the city. After 25 years, the city anticipated only completing one 
major tunnel that would only serve one area of the city. The plan mentions that the 
gradual and decentralized nature of the GSI allows it to adapt over time, while also 
providing immediate benefits to a much wider area than a traditional grey approach 
(Green City Clean Waters, 2011). While not easily visible in the graph, there is an 
increase in the expected CSO capture rate after the very early stages of the GSI 
approach, before it begins to taper off after the 25-year mark.  
 30  
Figure 1: Comparing Approaches to Stormwater Management in Philadelphia 
Source: Green City, Clean Waters 
 
The plan showcases a general menu of GSI tools, listing BMPs with pictures of 
projects from around the city. Table 1 shows the breakdown of the enumerated BMPs 
and the extent to which they were described. The BMPs that were both mentioned and 
detailed included photographs from projects across the city where they were utilized. In 
addition to these photographs, they included descriptions about the purpose, function, 
and design of each BMP. In addition to individual pictures from live projects, a digital 
rendering of a potential street with multiple GSI features was presented as a way for 
readers to visualize how a distribution of individual GSI components combine to create 
an overall system of managing stormwater throughout a community. These visuals can 
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be an important component in generating support from both professional stakeholders 
and the public at-large, as they allow those without technical knowledge to visualize 
how this plan will impact their neighborhoods. 
Table 1: BMP Selection & Discussion in Philadelphia 
BMP Mentioned? Detailed? 
Tree Trench X X 
Downspout Planter X X 
Green Roof X X 
Rain Barrel/Cistern X X 
Porous Pavement X X 
Bump-Out X X 
Rain Garden X X 
Stormwater Planter X X 
Stormwater Wetland X X 
Vegetation Strips X   
Infiltration Beds X   
Stormwater Regulations X X 
 
Philadelphia analyzed the impervious land cover for all the land that drained into 
Combined Sewer Systems (CSSs), categorized it, and then outlined specific strategies for 
each typology. Figure 2 shows the breakdown of land cover types, while Table 2 
illustrates the BMPs that were mentioned in each land type context. Streets were 
predominately the greatest source of impervious land cover, which combined with the 
roofs of private homes and industry, business, commerce, and institutional property 
make up over two-thirds of the impervious land in the CSS drainage areas. With neither 
public nor private land being the dominate cause of impervious surface, Philadelphia 
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created an approach that focuses on both public land and establishing regulations and 
incentives for private stormwater management (Green City Clean Waters, 2011). 
 

















Impervious Land Cover within CSS Drainage Area
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 Impervious Land Types 











Facilities  Schools 
Tree Trench X         X X X 
Downspout Planter   X     X        
Blue Roof         
Green Roof   X       X X X 
Rain Barrel/Cistern   X     X      X 
Subsurface 
Detention         
Porous Pavement X        X X X X 
Bump-Out X           X   
Rain Garden   X           X 
Stormwater Planter X           X   
Stormwater Wetland                 
Perforated Pipe         
Vegetation Strips           X     
Bioswale         
Infiltration Beds           X     
Stormwater 
Regulations     X           
* Open Space was discussed from a very general perspective, without mention of BMPs 
** Private land would allow owners to utilize any BMP as long as they reached compliance with regulations 
Table 2: Recommended BMP Contexts in Philadelphia 
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Philadelphia developed a metric called a “Greened Acre” (GA) to measure the 
performance of the plan. A Green Acre is described as an acre of impervious land cover 
that has at least the first inch of runoff captured by green stormwater infrastructure, 
measured to be 27,158 gallons, with the expectation that pollutant loads would be 
reduced by around 80-90% (Green City Clean Waters, 2011). Figure 3 displays the 
difference between the GSI feature and the area of impervious surface that drains into 
it, which is the amount of land that the particular featuring is “greening”. This 
showcases an important distinction between installing acres of GSI features and having 
runoff from acres of impervious surface managed by GSI features, while also showcasing 





                    








    
Source: Green City, Clean Waters 
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In addition to a performance metric, the plan also discusses some steps the city 
will take within the first five years of the plan. One of these steps is the creation of an 
Implementation and Adaptive Management Plan, which lays out the plan to implement 
the menu of GSI features across and city, the process of evaluating the performance of 
these features, and how the city will utilize this information to adapt the program 
(Green City Clean Waters, 2011). For the purposes of this project, I did not analyze this 
plan , even though it pertains directly to the research goals. Time and workload 
limitations are the main factor behind this decision, as it was only feasible to analyze 
one plan per city and comparatively, the general GSI plan was comprehensive and 
representative of the overall process, allowing comparison between cities. However, it is 
notable that the city was committed enough to the concept of adaptive management 
and how it would manifest itself within the context of the green infrastructure plan that 
they created a separate plan to address it. This plan may have contained a monitoring 
component, which is one area where the Green City, Clean Waters plan did not provide 
much detail.  
The Philadelphia Water Department (PWD) was the central agency tasked with 
achieving the plans visions, as they control the water and sewer utilities in the city. The 
plan recognizes the need to integrate the GSI program into other economic, social, and 
environmental initiatives in the city, and explicitly states that “these challenges require 
that government agencies break out of their traditional roles of providing narrowly 
defined services and seek to work together toward larger goals” (Philly plan, p.16). PWD 
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is projected to engage in collaborative projects with the Pennsylvania Department of 
Transportation (PennDOT), Philadelphia’s Streets Department, Parks & Recreation, PA 
Environmental Council, local watershed organizations like the Delaware River City 
Corporation, and neighborhood associations such as the Washington West Civic 
Association. The wide range of perspectives that were expected to impact the 
implementation of GSI around the city is a testament to the city’s understanding of the 
utility non-technical stakeholders have in water resource management.  
 
New York 
The NYC Green Infrastructure Plan is the product of several sustainability 
initiatives that New York City was working on in the early 2000s. The plan was adopted 
in 2011.  In the Executive Summary of the document, it states that the new plan 
“represents an alternative approach…that integrates ‘green infrastructure’ with 
investments to optimize the existing system and to build targeted, small-scale ‘grey’ or 
traditional infrastructure” (NYC Green Infrastructure Plan, 2011, p.1). The NYC 
Department of Environmental Protection (DEP) calculated that a green strategy that 
aimed to manage runoff from 10% of impervious surface within CSS watersheds with 
GSI features would cost $1.5 billion less than an all-grey strategy, including $2.4 billion 
less in public funding, while reducing CSO volumes by nearly 2 billion gallons per year 
over a 20-year time horizon; the plan assumes $2.9 billion in “cost-effective grey 
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investments” and system-wide capacity enhancements for the existing system for both 
strategies (NYC Green Infrastructure Plan, 2011).  
The main funding mechanism for the plan was a newly established Green 
Infrastructure Fund. The fund was to be used for the implementation and maintenance 
of GSI projects, with additional funds potentially being freed up through shifting budgets 
away from grey infrastructure (NYC Green Infrastructure Plan, 2011). The city planned to 
spend $187 million in capital funds in the first four years of the plan’s implementation 
(NYC Green Infrastructure Plan, 2011).  However, there was no description of how funds 
would be raised to create the new Green Infrastructure Fund, there was mostly just 
discussion on how the money would be used. In addition to the new fund, the city 
planned to utilize Clean Water State Revolving Funds, federal grants, and private 
funding to supplement the Green Infrastructure Fund. The fund may have been an 
extension of the DEP budget, which includes money raised by ratepayers through water 
and sewer utility services. Control over the fund was given to a newly developed Green 
Infrastructure Task Force, which was led by the Mayor’s Office and the DEP, along with 
input from various city agencies (NYC Green Infrastructure Plan, 2011).  
The plan contends that installing GSI features across the city as a solution to 
CSOs serves the dual purpose of fulfilling the DEP’s mission to promote clean water 
across the city and meeting the city’s sustainability goals as one of the many initiatives 
that aim to provide a holistic effort at transforming the city, while also being the most 
economically beneficial strategy for the former (NYC Green Infrastructure Plan, 2011). 
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DEP estimated that “accumulated sustainability benefits” after the 20-year plan would 
range from $139 to $418 million, utilizing a range of implementation scenarios to 
estimate how much vegetated acres of GSI would be created and calculating the benefit 
gained from each acre (NYC Green Infrastructure Plan, 2011). The assumption was that 
half of planted GSI would be fully vegetated, with the other half considered partially 
vegetated. Table 3 breaks down the variety of benefits that each acre of vegetation was 
estimated to create. There are significant benefit increases when acres are fully 
vegetated. Fully vegetated acres were projected to provide almost 3.5 times more value 
from energy savings and over double the value in reduced CO2 emissions and overall air 
quality when compared to partially vegetated acres. There was no calculated difference 
between property values, and this was not addressed in the plan. There may be a 
certain threshold of greening where once it is accomplished, there is simply no 
additional value to be gained from further installation of vegetation.  
 










Source: New York City Green Infrastructure Plan 
  Full Vegetation Partial Vegetation 
Energy 8,522 2,504 
CO2 166 68 
Air Quality 1,044 474 
Property Value 4,725 4,725 
TOTAL 14,457 7,771 
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In addition to calculating the monetary benefits gained through increased 
vegetation from GSI features, the plan also created a benefit comparison to a traditional 
grey approach, which was very similar to Philadelphia. Figure 4 shows the graph in 
which the two scenarios were broadly compared for the context of New York City. Once 
again, the concept of immediate and gradually increasing benefits accrued from the 
piecemeal installation of GSI features is compared to the slower, step-like benefit 
accrual from grey infrastructure. While the concept is similar to the one used in 
Philadelphia’s Green City, Clean Waters plan, the y-axis used is labelled as “Benefits” 
compared to the “CSO Capture” used for Philadelphia’s. The plan describes the axis as 
“sustainability benefits”, but there is no explicit indication that it represents the $/acre 
benefits discussed in Table 3. Nonetheless, the visual is an easy and effective method in 
explaining how a GSI approach can be a better investment in both the short and long 
term.  
Figure 4: Comparing Approaches to Stormwater Management in New York City 
 
Source: New York City Green Infrastructure Plan 
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A diverse menu of GSI features were presented as means to achieve these 
vegetation scenarios and ultimately the plan’s goals. Many of the BMPs were presented 
with descriptions of their components, how they operate, and visual representations of 
either real-world projects or digital renderings of specific contexts in which they could 
be utilized. Table 4 gives an overview of which BMPs were mentioned and which were 
given additional details.  











Similar to the city of Philadelphia, the DEP conducted an analysis to categorize 
impervious land within the CSS drainage areas. Figure 4 is the breakdown of impervious 
surface typologies, and Table 5 shows the strategies that were recommended for 
implementation for each of the typologies. The most common type of impervious 
BMP Mentioned? Detailed? 
Tree Trench/Pit X X 
Downspout Planter     
Blue Roof X X 
Green Roof X X 
Rain Barrel/Cistern X X 
Subsurface Detention X X 
Porous Pavement X X 
Bump-Out     
Rain Garden X X 
Stormwater Planter     
Stormwater Wetland X   
Perforated Pipe X X 
Vegetation Strip X   
Bioswale X X 
Infiltration Bed X X 
Stormwater Regulations X X 
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surface was any existing development not already categorized. Streets and sidewalks 
made up over one-quarter of the impervious surface, providing similar opportunity to 
Philadelphia in developing GSI features in the public right-of-way. The two least 
common typologies were other forms of public property (1.1%) and parking lots (.5%). 
Parking lots were a significantly smaller portion of impervious surface in New York when 
compared to Philadelphia, although there are no gross area numbers to see the relative 
amounts of land parking accounted for in each city. In addition, the distinction between 
simply “parking” and “parking lots” may account for some of the difference, as New 
York City’s category only consisted of parking lots attached to commercial development. 
However, similar to Philadelphia, there is not a significant difference in the amount of 
impervious surface on public or private land, which expands the menu of GSI features 
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Public …Other Existing Development (48%)
Impervious Area within CSS Drainage Area
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Table 5: Recommended BMP Contexts in New York City




















Tree Trench/Pit   X     X         
Downspout Planter                   
Blue Roof X     X X X   X   
Green Roof X     X X X   X   
Rain Barrel/Cistern X       X     X   
Subsurface Detention X     X X X   X   
Porous Pavement X X X   X     X X 
Bump-Out                   
Rain Garden         X   X     
Stormwater Planter                   
Stormwater Wetland     X           X 
Perforated Pipe                   
Vegetation Strip                   
Bioswale   X X   X       X 
Infiltration Bed           X       
Stormwater Regulations X  X   X     X   X 
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The NYC Green Infrastructure Plan places a significant emphasis on adaptive 
management, listing it as one of the five main aspects of the plan. It states that 
“adaptive management is a necessary approach to address CSOs because of the 
uncertainty of shifting requirements, climate, rainfall, population, land use, labor costs, 
material costs, and technology” (NYC Green Infrastructure Plan, 2011, p.117). This 
directly reflects the findings from Hsu, Chao Lim, & Meng’s work on adaptive 
management, as it is a management style that is structured to handle uncertainty and 
utilize a flexibility that allows new information gained through experimentation to 
impact the direction of the plan or program. The basis of the DEP’s strategy was to set 
up models and monitoring programs in order to gain this information, to ensure that the 
plan’s implementation stays on track to meet its objective of managing 10% of runoff 
from impervious surfaces in CSO watersheds (NYC Green Infrastructure Plan, 2011). The 
plan outlines a monitoring program for performance, which included a three-pronged 
approach of monitoring wastewater flows at one-quarter of the city’s CSO outfalls, flows 
captured by treatment plants during wet weather, and the outflow from two CSO 
detention facilities -- with intent to build two more within the first two years of the plan 
(NYC Green Infrastructure Plan, 2011). DEP also planned to increase the number of 
water quality monitoring sites, mostly focused at the mouths of important tributaries 
(NYC Green Infrastructure Plan, 2011). A monitoring component is an important aspect 
of adaptive management, as this data is crucial in evaluating the success of a particular 
project or program, and also gives insight into how things may be improved. DEP 
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acknowledged in the plan that monitoring CSO flows is a difficult task and committed to 
an increased focus on researching better strategies and technologies, with the goal of 
not just assisting their own programs, but the industry as a whole (NYC Green 
Infrastructure Plan, 2011). 
 The plan also has significant content on adaptive management, although the 
term itself is not used. One of the goals of the plan is to “engage and enlist stakeholders 
in stormwater management”, with particular attention paid to public outreach, 
education, and engagement (NYC Plan, p.123). When assessing opportunities to 
implement projects on various types of public property, the plan highlights the need for 
public agencies, particularly the Departments of Education, Parks and Recreation, 
Transportation, Design and Construction, and the New York City Housing Authority, to 
collaborate in developing demonstration projects (NYC Green Infrastructure Plan, 2011). 
In addition to discussing the need for collaboration, the plan states that Green 
Infrastructure Task Force will provide funding and technical expertise to any agency that 
will incorporate GSI into capital projects and designs (NYC Green Infrastructure Plan, 
2011). While all of these agencies will be involved, the plan is still led by DEP as it is a 
water quality plan at its core. The plan discusses how outreach and education will be 
conducted and their importance to the ultimate success of the plan. The basis of the 
outreach efforts is to educate stakeholders and in turn gain their feedback, both to 
refine the overall plan but also outreach efforts in the future (NYC Green Infrastructure 
Plan, 2011). This showcases a perfect combination of utilizing adaptive management 
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techniques along with adaptive governance, casting a wide net to gain as much relevant 
knowledge and perspective in order to create increasingly better iterations of the plan 
and strategies to implement it.  
Boston 
The plan that was analyzed for the Boston area was a framework for developing 
and implementing GSI plans and programs from the Charles River Watershed 
Association (CRWA) titled “Building Blue: Framework for a Healthy Charles”. This 
document was created as “a set of guidelines for developers, designers, and project 
reviewers such as Planning Boards and Conservations Commissions…. providing best 
practices for site design and land management…” (CRWA, 2018, p.3). The CRWA is a 
non-profit organization that focuses on protecting the ecological health of the Charles 
River, the major river that cuts through the Boston metropolitan area. The reason that I 
chose this plan was that it was difficult to locate a definitive GSI plan for the city of 
Boston. After finding the Building Blue document, the concept of looking at a different 
type of GSI planning document, one produced by a non-profit with the goal of being a 
resource for those creating plans like Green City Clean Waters and the NYC Green 
Infrastructure Plan was intriguing. While it is not directly comparable to the other two 
plans, and even comparing those two without considering the different environmental, 
political, and social contexts in which they were developed is tricky, it is still a useful 
look into planning for GSI at the watershed level.  
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The City of Boston does have plans for GSI and has implemented projects across 
the city, however the document in which GSI is discussed from a planning perspective is 
a Complete Streets initiative that contains a section on implementation GSI features. 
This is essentially the reverse of both New York and Philadelphia’s plans, as they 
mention Green or Complete Streets as one component of a larger GSI effort. I learned 
about this document after speaking to CRWA, and did not have sufficient  time in the 
research timeline to effectively assimilate an analysis of that plan into the project, let 
alone complete interviews with relevant stakeholders. Therefore, I analyzed the 
document that was prepared with planners in mind, as they either develop or decide to 
approve plans in their own communities. In addition to providing another perspective to 
how GSI plans can be developed, it also gives some insight into how GSI planning has 
evolved over time, as it was released in 2018, compared to Philadelphia and New York’s 
plans which were released about a decade ago.  
The document’s three main foci were Low Impact Development, Site Design, and 
Stormwater Management. Low Impact Development is described as development that 
attempts to mimic the natural hydrology of the site by preserving green space and 
managing stormwater (CRWA, 2018). It also mentions that GSI features are an 
important tool for highly urbanized areas as the amount of impervious surface leads to 
water quality concerns (CRWA, 2018). An additional benefit that the document 
espouses is that Low Impact Development is a way for communities to enhance their 
resilience to climate change through, at the very least, reducing the costs for future 
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remediation of infrastructure systems (CRWA, 2018). The focus on Low Impact 
Development is important as it presents a proactive strategy rather than a reactive one. 
Every piece of new development that places a focus on the preservation of natural 
hydrology is one less piece of land that has to be retrofitted later with GSI, as it already 
has the capacity to store and treat stormwater. One important aspect of site design that 
the document discusses is utilizing native plant species, something that was not 
discussed in either Philadelphia or New York City’s plans. It describes the danger of 
invasive species that out-compete native ones and threaten biodiversity, and suggests 
utilizing a invasive species lists to understand which species to avoid (CRWA, 2018). 
The framework presents its own menu of GSI options. Table 6 gives an overview 
of which ones were mentioned and if any information was given on them. Table 7 
showcases the contexts in which the various features were recommended to be used it. 
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Table 6: BMP Selection & Discussion in Boston 
BMP Mentioned? Detailed? 
Tree Trench/Pit X X 
Downspout Planter X X 
Blue Roof 
Green Roof X 
Rain Barrel/Cistern 
Subsurface Detention X X 
Porous Pavement X X 
Bump-Out 
Rain Garden X X 
Stormwater Planter X X 
Stormwater Wetland X X 
Perforated Pipe X X 
Vegetation Strip X 




Table 7: Recommended BMP Contexts in Boston 
Impervious Land Types 
BMP Roadsides Residential 
Commercial and 
Industrial Sites Subdivisions 
Offices/ 
Campuses Parking Lots 
Tree Trench/Pit X X X 
Downspout Planter X 
Blue Roof 
Green Roof X X 
Rain Barrel/Cistern 
Subsurface Detention X X 
Porous Pavement X X X X X X 
Bump-Out 
Rain Garden X X 
Stormwater Planter X 
Stormwater Wetland X X X 
Perforated Pipe X X X X X X 
Vegetation Strip X X X 





Philadelphia and New York City’s plans are ambitious attempts to reimagine 
what stormwater infrastructure can be. Philadelphia’s plan operates under the 
incredibly ambitious goal of capturing 85% of CSO runoff with GSI features, while New 
York’s aims to capture 10% of this runoff. CRWA’s goal is no less noble, as providing 
educational material for towns and cities attempting to implement GSI is a very valuable 
resource. Both plans acknowledge the need for some grey infrastructure investments, 
however New York City makes a larger commitment to this route while Philadelphia 
sees it as a last resort. These plans both operate under a multi-decade time horizon, 
with Philadelphia’s lasting for 25 years while New York’s is scheduled for 20 years. They 
both plan on making similar investments in GSI, around $2.5 million in each city.  
Funding mechanisms are fairly similar, although Philadelphia’s plan mentioned outright 
that they would consider raising service rates. New York’s plan repeatedly mentions a 
“Green Infrastructure Fund” but does not provide much detail into how that will be 
structured. Stormwater regulations and fees form the foundation of Philadelphia’s 
funding strategy. Climate change is mentioned as a factor in both Philadelphia and New 
York City’s plans, however not in the sense that was anticipated at the start of this 
project. They were concerned mostly with how secondary benefits of implementing GSI 
will help promote adaptation and resilience through things like lowering energy costs, 
capturing some carbon emissions, and reducing the urban heat island effect. The plans 
did center issues like flooding and sea level rise. CRWA’s plan, released almost a decade 
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later, follows a similar approach by espousing the proactive adaptation and resilience 
benefits from Low-Impact Development techniques. Table 8 provides a side-by-side 
comparison of the documents in most of the key measures.   
Table 9 provides a comparison of the BMPs that were either mentioned or 
detailed in each plan. New York City was the only one to mention blue roofs. 
Philadelphia did not mention the use of bioswales but was the only document to list 
bump-outs as a potential BMP. Tree trenches, green roofs, subsurface detention 
systems, porous pavement, and rain gardens were the most popular BMP choices 
mentioned in the documents. CRWA’s document does not mention stormwater 
regulations due to the fact that as a non-profit organization, they hold no land use 
authority.
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Table 8: Plan Overviews 
Philadelphia New York City Boston 
Year Adopted/Published 2010 2010 2018 
Goal Capture 85% of CSO runoff 
with GSI 
Manage 10% of runoff from 
impervious surface in CSS 
watersheds 
Provide information 
resource for local 
professionals and public 
officials 
Time Horizon 25 years 20 years N/A 





regulations, rate raises, 
grants 
“Green Infrastructure Fund”, 
Clean Water State Revolving 
Funds, utility revenue, grants, 
private funding 
Grants, local town budgets 
Lead Agency/Org. Philadelphia Water 
Department (PWD) 
Department of Environmental 
Protection (DEP) 
Charles River Watershed 
Association (CRWA) 
54 
Table 9: BMPs from All Plans 
Philadelphia New York City Boston 
BMP Mentioned? Detailed? Mentioned? Detailed? Mentioned? Detailed? 
Tree Trench/Pit X X X X X X 
Downspout Planter X X X X 
Blue Roof X X 
Green Roof X X X X X 
Rain Barrel/Cistern X X X X 
Subsurface Detention X X X X X X 
Porous Pavement X X X X X X 
Bump-Out X X 
Rain Garden X X X X X X 
Stormwater Planter X X X X 
Stormwater Wetland X X X X X 
Perforated Pipe X X X X 
Vegetation Strip X X X 
Bioswale X X X X 
Infiltration Bed X X X 
Stormwater Regulations X X X X 
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Interview Responses 
The following section discusses the interviews and the subsequent coding 
results. It is important to once again note that comparing the responses from 
stakeholders operating in different environments can be difficult, in the same way that 
comparing the plans themselves cannot be done without also considering the different 
context, process, participants, and goals involved with each. Both overarching and 
individual conclusions can be drawn from the data, and comparisons and contrasts will 
be made when feasible.  
The section is organized by the three main foci in the interview questions, with 
subsections dedicated to either individual questions or groups of questions, whichever 
gives a better picture of what the interview responses conveyed. This section will follow 
the same general format as the interview instrument, starting with background 
information, moving to plan development, then to plan implementation, and finally 
general concluding questions.  
BACKGROUND 
Roles 
3 out of 10 participants were water professionals, with roles ranging from 
supervising plan reviews, implementing stormwater regulations, directing the entire 
stormwater programs. 4 of the 10 were planners, ranging from handling district-level 
planning to members of city planning commissions. The remaining 3 perspectives were 
56 
from those outside either distinct planning or water management, with backgrounds in 
landscape architecture, environmental advocacy, and environmental law. Participants 
represented varying levels of authority, ranging from planning for a single district in a 
city to overseeing an entire city agency. Participants overwhelmingly represented public 
perspectives, with 8 of 10 being employed by a public agency. The other two 
participants represented non-profit organizations. Participants also overwhelmingly 
worked in the city of Philadelphia, as shown in Table 10. 









Table 10: Geographic Distribution of Participants 
Philadelphia New York City Boston 
No. of Participants 6 3 1 
Time in Role 
Participants were extremely experienced, with the average time spent in their 
respective roles being over 11 years and a median of 9.25 years. They may have had 
even more experience with similar work outside of the role through which they were 
interacting with the plan, and may have gained even more experience between the time 
they executed that role and the time of the interview. Overall, the perspective given was 
an experienced one.  
Table 11: Years of Experience in Role 
Time in Role Number of Participants 
0-5 years 2 
6-10 years 3 
11-15 years 3 
16-20 years 0 
20+ years 2 
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Interaction with the Plan 
Interactions with the plans were broken into two categories: plan development 
and plan implementation. Some participants were a part of both, some were only 
involved in implementation. All of those who were involved in plan development were 
also involved in implementation, as some of the plan development work involved 
engaging in studies and pilot projects to gain information. Those who were not involved 
in plan development were not asked questions about that aspect of the interview, 
however some insights were still given into topics like climate change and its relation to 
the plan.  
Plan Development interactions were generally focused on gathering data or 
representing an agency or organization in meetings during initial plan discussions. Data 
collection roles were mostly focused on identifying areas across a city to initiate pilot 
projects. One participant remarked that the beginning stages of plan development were 
heavily focused on engineering and modeling. This was because in order for the plan to 
be approved by the EPA, it was necessary to show the impacts and benefits of utilizing 
GSI to deal with CSO outfalls and water quality concerns. One participant was involved 
as a member of the proposal team when presenting the plan to the EPA. Representing 
agencies or organizations in meetings was a crucial role in early plan development, as it 
set not only the technical foundation of the plans but was the beginning of the adaptive 
governance process by including various stakeholders in the initial stages. One 
participant remarked that they had to represent their agency because it owned some of 
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the land that would be needed for GSI implementation, while another represented a 
non-profit that focused on advocating for compliance with Clean Water Regulations. 
These perspectives were very important in the plan development phase. I discuss this 
more in the section focused on communication and collaboration during development. 
Plan Implementation interactions were much more diverse. Every participant 
had some level of interaction with the GSI plan, ranging from utilizing its core principals 
in generating comprehensive planning documents to being personally responsible for 
planning, designing, and implementing GSI features. Planners were involved with 
actions such as siting projects and overseeing the development of projects. Water 
professionals handled tasks such as developing stormwater regulations and designing 
projects. The participant who was focused on advocacy discussed how they worked with 
the lead agency on making sure targets were met, serving a public accountability role. 
Planners seemed to fall into less technical roles while water professionals were involved 
in more technical applications of the plan. An interesting response was that “everything 
serves into the plan and meeting compliance”, which shows there are many ways to 
make an impact when implementing GSI solutions. More specific interactions were 
elaborated on in subsequent answers, as this question served as a way to get a general 
idea of the individual’s involvement with the plan. Table 12 shows the various ways in  
which planners said they interacted with plan implementation.  
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Table 12: Plan Interaction by City 
Interaction Philadelphia New York City Boston TOTAL 
Only Plan Development 0 0 0 0 
Only Plan 
Implementation 4 0 0 4 
Both 2 3 1 6 
Plan Impetus 
This question served as a way to understand the mindset during the plan 
development phase. I coded responses into four main categories: EPA Mandate, 
Attempting to Shift the Norm, Capitalizing on Ongoing “Green” Efforts, and Creating a 
Useful Resource (see Figure 7). 
Both the Philadelphia and New York City plan were created out of a need to 
develop a Long-Term Control Plan to handle CSO issues, as cities with over 60% 
combined sewer systems. One participant remarked that “the end goal is to just not 
discharge dirty water into rivers”, and the best way to do this is usually through volume 
control. Typically, these plans were done with heavily engineered tunnels for detention 
and transfer to treatment plants. This was done because while the EPA was interested in 
green infrastructure, it was difficult to measure its performance.  
However, both cities wanted to show regulators that a GSI program could work 
and that a shift to GSI solutions was the best way forward. One participant remarked 
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that Obama appointing Lisa Jackson to run the EPA marked a shift in policy, as the EPA 
was more willing to allow cities to try implementing GSI on a large scale. Philadelphia 
became the first city to do so, with New York following closely behind. To solve the 
performance testing issue, engineers in the PWD created the Green Acres metric, 
finding that GSI features can handle runoff from around 10 times its area. The initial 
goal was to control runoff from 10,000 acres across the city of Philadelphia.  
In addition to lobbying for their own GSI plan, New York City was also in the 
middle of many disjointed reform movements to try to bring a more sustainable future 
to the city. Previous plans and projects had a large impact on the city deciding to pursue 
a city-wide, systematic, and well-funded GSI approach.  
Finally, the Building Blue Framework was created out of a desire to provide 
relevant and useful resources for communities to use in their planning processes. The 
goal of the document was to promote education around GSI principles and their 
applications, allowing for more informed officials who were involved in planning efforts 
but may not possess a certain level of technical knowledge.  
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Figure 7: Plan Impetus Responses 
PLAN DEVELOPMENT 
Climate Change 
The responses to the impact that measured and perceived climate change 
impacts factored into the plan development were mixed. I categorized codes into four 
categories: Political Aspects, No/Low Impact, Implicit Expectations, and Increased Focus 
Over Time (see Figure 8). 
Politically, making drastic changes to infrastructure plans can be tricky. As 
Harrington & Hsu (2018) reported, decentralized GSI approaches and their 
implementation are highly political. Concerning climate change, one participant noted 
that generally there is a struggle with the political will for making big changes. The most 
obvious manifestation of this concept can be seen at the federal level, as discussions on 
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climate change can easily become politically charged and rarely lead to definitive and 
transformative legislation, although experts agree that aggressive changes are needed. 
This was a major driver in CRWA’s Building Blue Framework because they saw educating 
those in power as a crucial aspect to future implementation of GSI solutions. In addition, 
both government policy and planning for climate change are very complex. Climate 
change is more than just stormwater runoff volumes, but these plans are solely focused 
on reducing these rates and increasing water quality, and while that has an impact on 
climate change resilience, it is only one piece of the puzzle. 
This may be the reason for multiple responses falling into the “Implicit 
Expectations” category. In general, greening infrastructure is better for adaptability and 
resiliency, even if that goal is not explicitly stated. These plans were focused on current 
CSO issues within their contexts and were federally mandated to deal with just that 
issue. Data collected for these plans was focused on present day, at the time, 
precipitation data rather than projecting future conditions. One participant remarked 
that “GSI needs to recognize climate change, but climate change adaptation is more 
than GSI”. The benefits of GSI that both the GCCW and NYC Green Infrastructure Plan 
propose are ones that will mediate impacts of climate change, namely reducing runoff 
volume and the heat island effect, lowering emissions, and reducing energy costs, even 
if the plan does not explicitly discuss how it will combat climate change itself. In GCCW, 
this was mentioned as part of the Triple Bottom Line approach, highlighting the various 
secondary effects of a GSI program. 
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Two separate participants said plainly that the attention to climate change 
impacts was “not enough” in the plans. Both were referring to the NYC Green 
Infrastructure Plan, and both had a level of involvement in the plan’s development. This 
highlights a potential lapse in the effectiveness of balancing perspectives. The remarks 
were focused on the modeling data discussed in the previous paragraph, noting that 
only considering historical storm data was “looking backwards instead of forwards” and 
that designs had not taken into account that storms would be occurring more 
frequently, in addition to increases in the severity of those storms. Also, there was 
disappointment that concepts like sea level rise had not been considered enough. 
However, multiple participants noted that the context in which both Philadelphia and 
New York City’s plans were developed is important. At the time, the concept of 
sustainability played a bigger factor in government policy than resiliency. One 
participant commented on the fact that the concept of “climate change” that we know 
now may not have really taken hold at the time, and any discussion related to the topic 
was confined to discussions on temperature increases and their impact.  
There was indication that things have changed over time, however. In the case of 
Philadelphia, the PWD has formed a Climate Adaptation Group that has worked on 
hydrology analysis focused on storm surges and flood elevations. While the primary 
motivation is siting critical facilities, the group is planning to integrate stormwater 
considerations in the near future. One participant noted that they have observed an 
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increase in technical analysis dealing with climate changes impacts compared to 10 or 
15 years ago, signaling a heightened perspective on the issue.  
Figure 8: Climate Change Responses 
Best Management Practices (BMPs) 
The BMP selection process was focused on understanding both how the menu of 
GSI features that made it into the plan were decided upon, and how the process of 
selecting which ones to implement within a certain scenario works. The goal was to see 
how dominant a technical engineering perspective was in this part of the process. It was 
important to isolate this process from the overall planning process as it is an important 
piece of the process that typically planners may not expect to be involved in, due to the 
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highly technical nature of the decisions involved. I separated coded responses into three 
categories: Perspectives, Initial BMP Stages, and BMP Selection (see Figure 9).  
The general consensus was that technical knowledge of water infrastructure was 
the focal point of the BMP selection and eventual implementation process, which was 
wielded by water professionals and engineers. This is not unexpected, as the design 
details of BMPs and their functions are highly technical. However, the siting of BMPs has 
a large influence on the type and their effectiveness, and this conversation included 
many perspectives. In developing New York’s plan, there was an inter-agency meeting 
every Friday to discuss details on developing pilot programs. As each agency owns a 
different part of the public right-of-way, all of their perspectives were needed in order 
to develop a list of feasible solutions. One participant remarked that a “20-by-5 
rectangle has everyone’s fingerprints on it”. Different departments had different 
knowledge of each aspect of land that may be used to install a BMP, for example the 
NYC Parks and Recreation Department had years of technical knowledge from 
implementing the city’s GreenStreets program. Lastly, consulting engineers were utilized 
in CRWA’s framework development and projects they have implemented to provide that 
specialized technical perspective.  
Like the plans stated, a lot of the earlier work done was on pilot testing different 
features in different contexts. In Philadelphia, the first five years of the plan were 
focused on testing the menu of BMPs in this way. A large portion of the concern was on 
infiltration testing to see what impacts the GSI feature had, and a particular concern was 
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whether or not it would cause flooding in nearby basements. One particularly 
interesting discovery was that communities appreciated permeable pavement on local 
basketball courts because it deadened the sounds of the ball bouncing. By completing 
these early-stage tests, both PWD and DEP were able to evolve the type and designs of 
BMPs, such as plant species utilized in rain gardens or bioswales, to better fit the varying 
environmental realities across their city.  
The process in Philadelphia was described as planners scouting for locations and 
opportunities, then engineers would perform tests and design features based on that 
information. The site was just as important as the type and design of the BMP. Initially, 
Philadelphia planned to simply study soil surveys, but the realization that most of the 
land was simply classified as “urban land” and the soil contained a mixture of different 
materials such as coal ash made this approach ineffective. In New York City, initial 
projects were placed where CSO drainage was most compromised. Initial projects were 
focused on headwaters of sewer shed, so that any impacts of the GSI feature could be 
better isolated. One drawback of this strategy that was mentioned is that it did not take 
into account the greater context of the location. One participant noted that there was 
not much consideration given to the people and communities in these areas. Part of this 
may have been due to the fact that historically, DEP is not a public-facing agency. In 
addition, they noted that wealthier neighborhoods were more accepting of these 
changes, while poorer areas had more pressing priorities. However, this opinion was 
slightly contrasted by another participant, who claimed that these early projects were 
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focused on experimentation, where the site dictated which GSI feature and work was 
done with residents to see what would work best. It was not discussed which sections of 
the city these projects took place in. Regardless, it was not disputed that the 
geomorphological context in which BMPs were sited had a significant impact on the 
types that were proposed and implemented.  
Figure 9: Elements of the BMP Selection Process 
Adaptive Management and Governance 
This section was focused on better understanding the mechanisms for 
communication, the variety in perspectives, and how new information impacted the 
overall planning process. It is important to understand the overall process in order to 
see what ways planners had an impact and identify possible avenues for greater impact 
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in future GSI planning processes. I sorted responses into three categories: Perspectives, 
Communication, and New Information (see Figure 10). 
There was an expectation of high diversity due to diversity of agencies who own 
or operate city land, but it was important to see how these perspectives were managed 
once they were all brought to the table. In Philadelphia, the PWD decided to add 
planners to their full-time staff to work on refining the planning process. At the time, 
the City Planning Commission was working on the city’s new comprehensive plan, and 
one participant speculated that they did not have the availability to really commit 
planners to assist the PWD. This decision is interesting because PWD typically only hired 
engineers but had decided to add on a new professional function into the department in 
order to broaden their perspective. The main impact this new professional function had 
on the department and program was the development of a more structured and 
systematic planning effort, most notably a way to identify opportunities for GSI 
features. It was noted that PWD was the agency that committed to implementing the 
GSI program, and not the City Planning Commission, so the onus fell more on that 
department to generate positive outcomes. At one point, one of these planners left 
PWD and began working for the city’s planning department, initiating a transfer of 
knowledge and ability that supposedly had an impact on GSI implementation in areas in 
which they worked. It was described as a “watershed moment”.  
 In New York, there were some mixed responses in terms of how perspectives 
were managed. At the start of the plan, it was ecologists and planners that led the way, 
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which was attributed to the idea that the GSI approach marked a monumental shift in 
how water infrastructure was managed and engineered, and water engineers have a 
tendency to be conservative. This is evident in the EPA’s traditional reluctance to green 
infrastructure before these two important plans and how ubiquitous large grey 
infrastructure solutions were. This non-engineering perspective was given credit for 
looking at how historical land development practices contributed to CSO issues, 
essentially providing a more holistic look at the issue and generating more evidence for 
the potential success of a GSI program. This is directly related to the Triple Bottom Line 
approach discussed earlier, where the secondary benefits of installing GSI features are 
an important factor when comparing its effectiveness against traditional grey 
approaches. An anecdote from a particular pilot project install mentioned that there 
were commissioners from 4 different city agencies present at a celebration of its 
completion, prompting a joke that it took 4 commissioners to finish one simple project. 
The Department of Design and Construction was involved with design, DEP built and 
funded the construction, Department of Transportation handled aspects involving 
sidewalks and drainage, and Parks and Recreation advised on planting street trees. This 
reinforces the quote mentioned earlier, that every GSI feature in the city has a 
multitude of fingerprints on it. One participant noted that staff-level employees created 
a strong coalition that was committed to the plan’s success, which created momentum 
to get the plan developed and eventually implemented. There was an acknowledgement 
that some perspectives, namely those of younger women, were not given enough 
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weight when compared to a group of older men, and there was a bit of a struggle in 
getting recognition that women in meetings understood concepts and had valuable 
experience. The coalition of like-minded colleagues was described as an important 
foundation to pushing past this barrier. DEP was receptive to the perspective of 
advocacy groups, which provided local, on-the-ground knowledge that helped shape 
parts of the plan.  
All three documents were considered to be created through the utilization of 
multiple perspectives. It was said that “every perspective has weight and value” because 
every project has a multitude of needs, from engineering to construction to education 
and outreach. This is evident in the documents themselves, as there is lots of discussion 
on the secondary benefits of GSI instead of them being highly technical documents 
explaining hydrology and the designs of BMPs.  
The need to balance these perspectives creates a need for stakeholders to 
communicate effectively. This communication is a central tenet of both adaptive 
governance and management, because without the sharing of knowledge there is no 
potential for the process to evolve in a meaningful way. CRWA discussed how important 
this communication is because of how much information is needed to develop a 
successful plan, including budgets, local consensus, expectations, and more. A common 
theme from both Philadelphia and New York City was that at the start, effective 
communication was a challenge. The main reason was that every stakeholder had 
competing priorities, and naturally they want to promote theirs as much as possible 
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throughout the process. That is not to say every agency was opposed to collaboration or 
concessions, but that relationships needed to be developed over time to create a 
common vision of what the plan would become. In New York, there were frequent inter-
agency meetings to discuss the specifics of the plan. Once again, the notion that 
multiple agencies were necessary because they each have authority over different types 
of public land was discussed. It was noted that the initial anticipation was everyone 
would agree with a green plan, however in Philadelphia there were issues with how 
funding would be handled. There was an expectation from PWD that the cost burden 
would be shared in a way that did not materialize. Part of this was attributed to the fact 
that PWD has its own revenue source from providing services to rate payers, while other 
agencies lack a similar source. For example, the Parks Department is funded through the 
city’s general fund, which is paid for by taxpayers. In addition, city agencies were very 
siloed, and they weren’t used to working across jurisdictional boundaries at the time. 
There was a similar phenomenon in New York. However, over time relationships began 
to develop. In New York, credit was given to the Mayor’s Office for communicating the 
need for agencies to collaborate, putting significant pressure on agency commissioners. 
In Philadelphia, an important start to this process was working with universities on GSI-
related studies. One of the issues was that other agencies had a different understanding 
of what the GSI program meant for their operations, so there was an effort to educate 
them on what it would truly entail. In addition, the Planning Department met with the 
community to discuss GSI issues and found that they both did not understand the issue 
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very well and were focused on different priorities. The importance of generating 
knowledge and disseminating it to stakeholders was evident.  
Figure 10: Basic Formula for Adaptive Governance 
PLAN IMPLEMENTATION 
The first question on Plan Implementation was focused on understanding how 
the communication between stakeholders evolved once the plan started to be 
implemented. I sorted responses into three categories: Methods of Communication, 
Context of Communication, and Struggles and Concerns (see Figure 11). Once again 
there were issues with the overall communication that were credited to the separated 
nature of city agencies. Communication did seem to be largely effective, especially 
between planners and water professionals, but there were some concerns with the 
overall communication between all stakeholders. 
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For Philadelphia, participants discussed how new mechanisms for 
communication were established. Communication included monthly meetings with 
other agencies to “identify opportunities for capital alignment”. There is a concerted 
effort to integrate GSI approaches into the great infrastructure context of the city, and it 
was mentioned that whenever capital projects are done regarding streets, there is 
discussion on how they could update the water and sewer infrastructure. GSI Planners 
in PWD frequently work with the Streets Department on what was called the 
“Developer Services Process”, which included working with the Office of Transportation 
Infrastructure on coordinating this capital alignment. Planners were hailed as an 
important piece to a previously siloed PWD. Since the PWD has been around for around 
200 years and has historically focused on engineering, planners’ skills were crucial in 
fostering collaboration between agencies, integrating GSI goals with other city plans, 
and community outreach. It was mentioned that engineers typically collaborate with the 
Streets Department on technical design, while planners worked well with the City 
Planning Commission, the Parks Department, and more. The increased effectiveness and 
avenues of communication have contributed to the plan’s success. In addition to 
planners within PWD itself, members of the City Planning Commission contribute to 
fostering collaboration between agencies, working to align GSI plans with other aspects 
of community development. The stormwater goals of the city are discussed in 
Comprehensive Plan meetings as well, and they include representatives from PWD. In 
New York, advocates were happy with how monitoring data was provided with 
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transparency to the public. The reports communicate failures with explanations, 
something that was commended.  
Better understanding the context in which this communication occurs is an 
important way to identify how planners can impact the GSI implementation process. 
Once again, the idea that an integrated approach with multiple stakeholders creates a 
need for effective communication was emphasized. As one participant said, “you can’t 
work in the city without constantly working with other agencies”. The agencies need to 
work together to handle challenges and take projects from the theoretical to the actual. 
In addition, the importance of working with community organizations was emphasized. 
Growing pains from the transition of pilot projects to systematic implementation served 
as a way to constantly reinforce communication between agencies. This reinforces how 
adaptive management was a central tenet of both the planning and implementation 
strategy. Each time a project failed, there needed to be an evaluation and discussion on 
how to improve the design, which meant that each agency that had authority over an 
aspect of the project had to be involved. One participant noted that emotional 
intelligence played a particularly important role in this process, as generating 
compromise was the norm.  
There were some mixed messages on how well stakeholders were handling 
communication. One participant from Philadelphia said that “we definitely have some 
communication issues”. The reasons given for this were that agencies generally acted in 
their own interests and could be on different pages when it came to actually 
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implementing polices and projects. One participant from New York summed up this 
struggle by claiming “everything is easier in the theoretical”. The issue was described as 
an overarching issue with the organization of city government and public agencies and 
not one that was unique to GSI implementation. An example of agencies acting in their 
own interests was given from Philadelphia, where the Parks Department is more 
focused on building new facilities than stormwater infrastructure and its maintenance. 
This issue was once again attributed to budgetary constraints, which will be discussed in 
more detail in a later section. In relation to New York, there was some concern 
expressed about the methods of outreach. There was not much variety, especially in the 
locations where information was available. This may have made it difficult for the 
community to properly address any issues and provide relevant feedback on projects. 
Figure 11: Evolution of Communication During Implementation 
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Successes 
The ultimate success of these plans is important and has a direct relation to both 
the planning and implementation process, and a lot of discussion was spent on this topic 
during interviews. The participants gave a range of successful implementation examples 
and elaborated on why certain aspects had achieved this success. The responses to this 
question were coded into four categories: Metrics/Goals, General Planning Success, 
Private Land, and Community Impacts (see Figure 12). The diversity of answers to this 
question is directly correlated to the diverse benefits that GSI programs can bring to 
cities. An understanding of how and why large cities have been successful in 
implementing GSI solutions is crucial to expanding their use across the country.   
The discussion on achieving target metrics and hitting implementation goals was 
mostly from participants working in Philadelphia. The common theme for Philadelphia’s 
success was that the goals they set out to achieve were achievable in nature; they were 
then product of good modeling and data collection that allowed for a well-informed 
view on what was possible. The initial 5-year goals of the GCCW plan had been hit “with 
a lot of wiggle room”, due to a combination of GSI and grey installation. There was 
concern expressed about meeting 10-year goals, partially due to pandemic-related 
issues that have disrupted both workflow and revenue streams for city agencies. In 
addition, hitting future goals requires an exponential increase in Green Acres, as 
referenced in the plan analysis section. PWD plans on diversifying project delivery 
methods in the future to meet this increased metrics, with one participant noting that 
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they were currently at a pivotal point in the planning process. In New York, participants 
pointed to the thousands of bioswales that the city has installed. They were described 
as “well maintained” and the attention to incorporating native plant species, like the 
CRWA’s Building Blue Framework recommends, was commended. There was also 
evidence that GSI features from traffic triangles had shown increases in rain absorption, 
with data from severe rain events showing that the first inch of rainwater was absorbed 
completely.  
Discussion on general planning success was focused on the idea that getting such 
an ambitious GSI plan approved for a large city was a success in itself. One participant 
said that Philadelphia’s plan was a “critical shift in momentum” for GSI, and one from 
New York talked about how difficult a movement like this is to start, as government 
policy is an inherently difficult environmental to create radical change in. In fact, it was 
mentioned that now the EPA rejects some plans for not having enough focus on GSI 
solutions. Getting public agencies to buy into a green approach, or what one participant 
called “creating a new way of doing business, a new model”, was not a simple process. 
The fact that the plan was being implemented and improved was a huge success for one 
planner from Philadelphia who was involved in both the plan development and 
implementation projects, and they were proud of the scale and ambition of the plan 
along with how stakeholders accepted the challenge. One water professional mentioned 
that having a careful planning process is crucial, especially considering long-term 
maintenance and funding considerations. The long-term success of these plans is 
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directly tied to the foundation that the initial planning process created. On a personal 
level, one planner mentioned that the personal success of having a project they planned 
come to life within a relatively short time, three years, was important to them, and 
something they said deviated from the usual experience they had in the planning 
profession.  
The success of Philadelphia’s GCCW was measured in their Green Acres measure, 
with a large majority of greened acres coming from private land development. The plan 
focused on this aspect early on because it was considered “low-hanging fruit”; the city 
had already instituted progressive stormwater regulations, this method did not require 
much monetary investment from PWD, and officials trusted in their calculations 
regarding the city’s redevelopment rate. These regulations have resulted in reduced 
sewer-based flooding in some locations and overall reduced CSO discharge rates. In 
addition, enforcement mechanisms have been successful. An increased focus on this 
aspect of the private regulations includes not releasing certificates of occupancy for 
properties with failed BMP installs and coordination with the Department of Licenses 
and Inspections. One participant mentioned that the city government has become well 
respected in regard to these private regulations, with developers and residents 
understanding that they may be tough but ultimately, they’re fair, and PWD is open to 
listen to their feedback. In New York, private regulations were also seen as successes, 
but with more discussion on what more could be done in that regard. This will be 
discussed later.  
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Participants from Philadelphia reported significant successes in terms of their 
community outreach. One particular program that was mentioned was a street tree 
education program in a Hispanic community. The program was focused on educating 
the community on the benefits of street trees beyond shade and aesthetics, entirely in 
Spanish. The idea that catering outreach programs to the communities themselves, so 
they are more successful was repeated. In addition, the city works with the Sustainable 
Business Network, a non-profit that helps train community members to maintain GSI 
features in their neighborhoods. Getting communities to invest in the effectiveness of 
GSI can help promote the long-term success of a project. Also, participants were proud 
to report on the city’s Power Core Program, an effort to provide job training for at-risk 
youth to hopefully create opportunities of securing long-term employment as planners, 
scientists, and engineers. Poverty reduction was one of the Triple Bottom Line benefits 
described in the plan, and it is encouraging that commitments to providing employment 
through GSI are being realized. Lastly, Philadelphia successfully connects with the 
community through the Citizens Planning Institute in an effort to educate residents 
about how development impacts them. They have since included elective classes on 
stormwater management and open space, and competition for the 30-person classes is 
stiff with over 250 applicants each year.  
CRWA has had significant success in their own community outreach programs, 
which focus on both public officials and local students. The organization hosts resiliency 
sessions for public officials, with the goal of educating those in positions of power about 
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GSI, at both the watershed and community levels. CRWA places significant stock in 
educating students of all ages, including classroom visits to undergraduate students at 
Harvard University. Increasing the collective consciousness of officials and communities 
is an important step in generating support for GSI implementation in the future.  
Figure 12: Success in GSI Planning 
Challenges 
While it’s important to uncover and understand success of these plans, it’s 
equally important to study the challenges they’ve face. I sorted responses to this 
question into six categories: Design, Politics, Money, Space, Community Pushback, and 
Maintenance (see Figure 13). The myriad of challenges that participants offered are a 
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testament to how difficult it is to implement a large-scale GSI program in some of the 
most populated cities in the country.  
Participants from all three contexts mentioned that generating successful 
designs for the varying contexts was a challenge. One of the biggest of these was dealing 
with unanticipated discoveries during construction, such as a higher water table. This 
relates to the discussion on the importance of communication in going from pilot 
projects to a city-wide program, as each time an unexpected scenario was encountered 
there needs to be a discussion on how to address the new variables. Site grading 
presented another design issue. As water flows downhill, grading needs to be precise so 
that runoff is correctly guided into features. If the grading is not handled properly, then 
the feature can only trap and treat rainfall that falls directly on top of it, severely 
reducing its effectiveness. There was general discussion on how difficult it is to scale up 
performance-based systems to the scale required in either city, with designs that can fit 
into each context. One participant mentioned that designs have improved over time, 
and that 10 years had made a big difference.  
As Harrington & Hsu (2018) discussed in their work, the political realities of 
implementing GSI programs can be very difficult. One difficulty echoed by both 
participants from Philadelphia and New York was the limited authority and power that 
either DEP or PWD had restricted their overall effectiveness. These agencies are funded 
through rate payers and have legal mandates to provide services related to water and 
sewer services. At times, sites may have needed more than just GSI installations, but the 
 83  
budget restrictions make doing other types of work difficult for either agency. Also, 
there were challenges in dealing with community priorities, with communities wanting 
other amenities that the agency could not provide. The political evolution of mayoral 
administrations and agencies was an additional political hurdle. GSI programs don’t exist 
in vacuums and are subject to the same external political pressures as other forms of 
public works. There has been significant change to the politics in either city over the 
decade or more since both Philadelphia and New York have developed their plans. One 
participant mentioned that “dedication comes from the top”, and not every agency 
commissioner or mayor is as committed to implementing GSI as their predecessors may 
have been. The importance of building an educated constituency was once again 
mentioned in this context, as you need residents that are willing to vote for politicians 
who support these proposals and may have to make difficult decisions like raising utility 
rates to fund them. In additional to external politics, the internal politics of a city agency 
can present challenges. The theme of both PWD and DEP being established agencies 
with many decades of experience in traditional infrastructure systems was further 
reinforced in this part of the interview. Radical change within departments like this is 
difficult and it was important for the technical perspective to be sound for engineers to 
support these actions. From a non-profit perspective, these organizations can only 
handle advocacy and consult with officials, and they are at the mercy of land use 
authorities when it comes to permitting approvals. CRWA also mentioned the system of 
local government in Massachusetts is very different than many other states in the 
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country, as local government is somewhat isolated from county guidance and funding is 
different for each town.  
Funding is a significant factor in any form of public infrastructure program. 
Designing, construction, and maintaining thousands of GSI features across a highly 
urbanized city is very expensive. Participants from Philadelphia noted that costs were 
higher than they had anticipated, although things have still been more cost-effective 
than grey infrastructure would have been. The city has experienced a development 
boom that led to more expensive capital, and while this may have contributed to better 
private regulation outcomes, it does make it more expensive for the city to fund 
projects of their own on private land. Simply put, one participant said that “the city 
doesn’t have the money”. The concept of competing priorities between agencies was 
mentioned again in relation the funding issues, as vacant land can be seen as a potential 
source of tax revenue for city governments, but also provides significant opportunity for 
GSI projects. In the short-term, cities gain more benefit from developing the land for this 
tax revenue, however the long-run benefits of GSI may outweigh these. This reflects 
Marlow et al. (2012)’s findings that financial incentives typically favor keeping already 
established infrastructure systems if those systems may decrease revenues for certain 
stakeholders. In addition to increased capital costs and competing against “higher and 
better” uses, the city has been straddled with aging infrastructure maintenance for 
decades. It was mentioned that a 1970s development boom from an influx in federal 
funding combined with high growth projections led the city to build more infrastructure 
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than it needed. As a result, a large portion of the city’s money is spent on deferred 
maintenance of these systems. Lastly, grant funding is very competitive. This may 
change as more federal and state money is dedicated to GSI programs, but at the 
moment there is fierce competition to secure grant funding. Projects need to be 
developed far in advance in order to properly compete, which can be difficult.  
Spatial issues were the most commonly discussed challenge. This is to be 
expected with operating in a dense, urban environment, especially ones with aging 
infrastructure systems. In Philadelphia, many of the streets are very old and narrow and 
are filled with old sewer and water lines. One participant described installing street 
trees as “squeezing them in” and another mentioned that streets wouldn’t be ADA 
compliant when you consider stoops and street trees. Narrow streets also make installs 
much more of a nuisance for communities, due to traffic dangers or the closure of 
roads. A theme throughout both cities was how space is limited and agencies are 
constantly in competition for utilizing it. The many possible uses proposed were urban 
agriculture, affordable housing, passive open space, public transportation, and general 
utilities. One planner mentioned that it was easy to overestimate how much space is 
actually available for projects, while another stated that the plan was probably overly 
optimistic in what could be done in the public right-of-way. Also, commercial partners 
who wanted to work with the city to install GSI often had parcels that were difficult to 
work with. Utilities were a particularly large issue for the city of Philadelphia, with every 
home having several utility lines. Often times, projects needed to be placed on corners 
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or oddly shaped parcels that were free of utility conflicts. One potential solution a 
participant proposed was formulating policies that create less demand for cars and 
parking, which could free up valuable space to install more GSI features.  
 Both cities dealt with pushback from communities on various GSI projects. One 
participant stated that public perception is not where it should be, but that many 
communities feel they have significantly larger issues than water quality concerns due 
to sewer overflows. The concept of water quality measures can be more abstract than 
more tangible priorities like affordable housing or more playgrounds. In Queens, some 
bioswale projects were even threatened with lawsuits. This is where public outreach is 
critical, and a function that planners are particularly well suited to serve.  
 The final challenge that participants identified was with maintaining different GSI 
features. The downfall of utilizing a highly decentralized and distributive system is that 
maintaining the thousands of features across the city is very difficult. Boston has 
endured issues with how features function in colder weather. Both cities reported issues 
with vandalism and trash accumulation. Also, other city agencies may not handle 
maintenance in the way that either PWD or DEP would like. Maintaining GSI features 
requires a different skillset than traditional grey infrastructure, and there was an initial 
learning curve in designing features that could be maintained systematically. One 
example was that PWD adapted the plants they used for different vegetated features, 
which were better suited for yearlong maintenance as they didn’t require crews to 
constantly have to plant and re-plant certain species or have different maintenance 
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requirements for a myriad of different plants. Also, Philadelphia has created adoption 
programs so local communities can “adopt a GSI project” and contribute to the long-
term maintenance. This is yet another instance of how community involvement and 
education is a critical aspect of generating successful outcomes.  
 




More Effective Implementation 
 
In this section, participants were asked to provide any ways in which they think 
implementation could be more effective. This question is related to the discussion on 
challenges but aimed to foster more of a discussion on the future. I sorted responses 
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into three categories: Collaboration and Communication, More Resources, and Shifting 
Focus (see Figure 14). 
 A participant from Philadelphia mentioned that Improving communication and 
collaboration, both with inside an agency and with partners, would be a great positive 
change. As discussed in multiple sections, this aspect of adaptive management and 
governance is crucial, as knowledge can only be utilized when it is properly 
disseminated. They mentioned the difficulty in getting partners to understand 
challenges associated with the work, and that you cannot just assume that others will 
understand all the different factors that are in play.  
 Every public works project would agree with the sentiment that more money 
would increase the effectiveness of the project. The reality of building anything is that 
you need funding in order to acquire the necessary capital. With so many projects 
across their cities, participants from both mentioned that increases funding would go a 
long way. However, since departments are funded by rate payers, they found it difficult 
to complain; other agencies have more significant budget issues since they rely on tax 
revenue. An interesting angle to wanting more funding was that staffing has become 
very competitive, and if departments could offer greater benefits, they could bring in 
more talented employees to assist in the program’s implementation. Another 
importance resource is information. One suggestion was that a water rate restricting 
study to separate water and stormwater rates could provide valuable information for 
determining future avenues of revenue and adding more tools to control CSO issues. 
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Another suggestion was providing GSI standards, especially design guidelines, could go a 
long way in increasing the adoption and effectiveness of GSI programs. Speaking in the 
context of Massachusetts and the great Boston metro area, a participant mentioned 
that there was not a lot of available resources at the state or regional level for 
establishing regulations or any standardization of practices. In addition, they suggested 
a resource that communicated lessons learned from GSI programs across the country. It 
is difficult to find information about how and why certain things have failed in different 
areas. 
 A participant from New York discussed the need for the city to increase their 
focus on incentivizing GSI on private property, since around three-quarters of the land in 
the city is privately owned. DEP has developed GSI grant programs, but a drawback is 
that accepting the funding locks you into an agreement for decades, which can make 
many property owners hesitant. At the start, they were focused on maximizing dollars 
spent per gallon of stormwater managed, which tended to exclude green roofs. More 
recently, they have made changes that allow green roofs to be a more viable option, 
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Participants were asked to provide advice for those who were trying to develop 
and implement plans of their own. A lot of the response were directly related to 
concepts covered throughout the interview and provided great insight into what these 
experienced professionals have learned through years of working with GSI. Reponses 
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were separated into three categories: Structure, Components, and Mindset (see Figure 
15). 
 Advice for structuring GSI programs can be summed up by a quote from one 
participant who said that “the process is as important as the product”. What followed 
was a recommendation that building a collation of like-minded individuals who are 
invested in the success of the program is essential. This sentiment was echoed by 
another participant, who recommended identifying a core group of stakeholders as 
early as possible because successful plans will create lots of structural changes to 
communities in regard to property rights, how developers operate, local building codes, 
and more. Identifying who these decisions will impact and bringing them into the fold 
early is the best way to make sure all potential perspectives are considered. Another 
piece of advice was to create the structure out of a leadership position, one that is inter-
disciplinary in nature, so they are capable of reaching across agencies and fostering a 
culture of collaboration. Leadership should be able to show stakeholders the multiple 
benefits of a GSI approach.  
 The components of a plan are of equal importance to the structure of the 
stakeholders’ involvement. There were many suggestions for which components a 
successful plan will consider and add. Data, both when developing a plan and over the 
course of its implementation, was considered very important. Data forms the 
foundation of the analysis and is very impactful in making sure stakeholders are on the 
same page and understand the overall vision. This relates to another suggested 
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component, a focus on community education and participation. Community 
participation was recommended to be included from the start because in order for large 
scale effects to happen, you need to convince the public that the plan is important. 
Educating the community on the benefits and drawbacks of the plan is essential because 
informed citizens may be more likely to either support elected officials who include GSI 
plans into their platforms or even participate themselves.  
Additional recommended components were including plans for monitoring, 
enforcement, and maintenance. Philadelphia’s plan was less robust than New York’s 
from a monitoring perspective, but it’s not clear how both faired in terms of conducting 
monitoring as implementation commenced due to the lack of perspective from New 
York City in this project. Monitoring creates a crucial feedback process that leads to 
positive changes in the field. It was recommended to create a monitoring arm out of an 
existing public agency, but also noted that this would be difficult in the early stages of a 
plan. One participant mentioned that early projects would have benefited a lot from an 
established monitoring program. For maintenance, it was recommended to not only 
plan, but to incorporate the projected costs into any budget proposals. GSI features rely 
on monitoring and maintenance for long-term viability, as reflected in the numerous 
findings in the literature on how several BMPs are particularly susceptible to decreased 
performance from sediment accumulation and other forms of blockages. Enforcement 
recommendations were focused on private regulations. Philadelphia built their staff in 
stages, starting with post-construction inspection then moving to proposal review as 
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well. Since robust and effective GSI programs cannot be done on only public land, it’s 
important to provide the resources and incentives for private landowners to build GSI 
features of their own, and enforcing any regulations or agreements is important to this. 
 Mindset advice was generally focused on understanding what can and cannot be 
done. By establishing realistic expectations and focusing on what you can do, dealing 
with challenges can be easier. An important lesson for planners was to understand the 
strengths and weaknesses of planners’ typical role of being generalists. Planners tend to 
be people with a natural curiosity and wide breath of knowledge, but with a wide range 
of functions and study areas, technical knowledge can be limited. Participants 
recommended engaging with engineers and developing a curiosity for the more 
technical aspects of GSI design. By understanding more technical language, a planner is 
better positioned to advocate for their position to those with more engineering-heavy 
perspectives. It was recommended that planners, especially students, should work to 
expand their vocabularies so they can become more persuasive and effective as 
professionals. The benefit of being a generalist was seen in their ability to serve in this 
advocacy role when dealing with multiple city agencies. The wide breath of knowledge 
planners typically possess is an asset when dealing with the multi-disciplinary approach 
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 The goal of this study was to determine if, and in what ways large, dense cities 
with aging infrastructure systems were utilizing green stormwater infrastructure to 
prepare for impending climatic changes and how planners were and could contribute to 
the process. This topic was of interest because of the level of certainty that experts 
predict drastic changes to precipitation, sea level rise, and more and how those will 
impact highly urbanized areas. Planners’ involvement was of particular interest due to 
the profession’s history and origins with water infrastructure, and recent academic 
recommendations that water resource management should move to incorporate 
principles from adaptive management and governance. To do this, I analyzed green 
infrastructure plans from Philadelphia and New York City to understand the ways in 
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which they were planning to implement GSI and the nature of stakeholder involvement. 
In addition, I analyzed a GSI planning resource document to understand the ways in 
which non-public agencies can contribute to GSI planning and what resources are 
available to educate planners. I subsequently conducted Interviews with relevant 
stakeholders, including planners, engineers, other water professionals, and stakeholders 
from outside agencies and organizations.  
Climate Change Considerations 
 Impacts from climate change were not directly considered when developing GSI 
plans in Philadelphia and New York City. A major reason is that plans were created to 
obtain EPA water quality standards due to both cities sewer systems being over 60% 
combined, which requires them to create LTCPs to ensure that water quality is not 
hampered by CSOs. At their heart, these plans are about pollution control. However, the 
best way to control pollution loads is to reduce overall CSO volume, which these plans 
do focus on. They manage quality by managing volume, but the focus is not on creating 
systems to handle severe storm events and contribute to flood management. Data used 
to create these plans did not heavily weigh any projected precipitation increases or sea 
level rise, and most of the language used in Philadelphia and New York City’s plans 
reflects this reality. There was a difference when analyzing CRWA’s Building Blue 
Framework, which was published about 8 years after the other plans, and in talking to 
someone familiar with the document. The concept of climate was an important factor in 
developing the recommendations in the document, which is an encouraging sign.  
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 Although plans did not center the concept of climate change in their 
development, the components of the plan certainty promote climate resilience through 
the Triple Bottom Line concept mentioned by planners in Philadelphia. By implementing 
a robust GSI program, cities gain social, environmental, and economic benefits through 
outcomes like reduced poverty, lower carbon emissions, reduced energy costs, 
stormwater runoff control, a dampening of the urban heat island effect, and more. 
Kirshen, Ruth, & Anderson (2007) recommended that any land use planning that results 
in adaptive actions can help lower adaptation and impact costs associated with flooding 
issues. These plans implicitly embody this concept as they aren’t directly focused on 
issues like flooding and sea level rise, but do work to decrease runoff volumes and 
provide other solution to issues from climate change. The benefits are more immediate 
and come at a cheaper cost compared to traditional grey solutions. The idea that “GSI 
needs to recognize climate change, but climate change adaptation is more than GSI” 
was evident. Implementing these solutions is simply one small part in adapting to 
climatic changes.  
There was evidence that the collective consciousness around the relationship 
between climate change and stormwater management. In Philadelphia, PWD has 
developed a Climate Adaptation Group that is focused on how critical infrastructure will 
deal with flooding increases and potential sea-level rise effects manifesting upriver in 
the Delaware River, which reflects the potential threats to energy production, service 
provision, property damage, and more that Kirshen, Ruth, & Alexander (2007) warn 
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about in their work. There was discussion that this group is turning their attentions 
towards stormwater management in the near future. In addition, participants 
acknowledge that climate change modeling and considerations are having greater 
impacts as time goes on. It was unclear how these were manifesting and if the popular 
recommendations, like the ones made by Kundzewicz et al. (2018) of using ranges to 
offset the inherent variability in climate projects, were being taken into account.  
Planner Involvement 
 The concepts of adaptive management and adaptive governance have emerged 
as important frameworks in how to handle complex infrastructure system like water 
resources. As mentioned throughout this study, implementing GSI programs involves a 
myriad of stakeholders, both public and private, both through their authority over 
different aspects of land development and their relevant expertise. Harrington & Hsu’s 
work acknowledged the various role that governmental entities play throughout the 
process. Balancing these perspectives is crucial in generating sustainable, long-term 
solutions to water quality and volume issues exacerbated by the high rate of 
development in urban areas. Akamani (2016) noted that this integrating perspectives 
from fields within the social sciences helps add a more human dimension to stormwater 
management, and planners excelled in this role compared to their engineer colleagues.  
 Planners have a significant role in this process as they bring both knowledge and 
soft skills. Both of these help foster communication and collaboration between 
stakeholders, an important role that Harrington & Hsu identified and that plans 
 98  
repeatedly emphasized as the foundation of project implementation. They were crucial 
in creating momentum for GSI in New York City by leading the drive to think outside the 
box. They utilized knowledge of historical land development to show that the ways in 
which the city was developing land was directly contributing to the CSO issues and 
subsequent impact on water quality. In plan development phases, planners were heavily 
involved in assisting engineers in identifying opportunities for pilot projects. In addition, 
they helped facilitate discussions and collaboration between agencies and the local 
community. Planners led multiple successful outreach projects in both Philadelphia and 
New York City. They contribute to land development policies, which can promote low-
impact development techniques and incentivize GSI installs. Also, planners utilized core 
principles from GSI plans into other planning documents, such as comprehensive plans. 
This shows that even without direct impact on green stormwater projects, planners can 
still create a healthy regulatory environment and promote their installation. Participants 
from both cities mentioned that communication could be improved, and planners are 
uniquely suited to assist in this endeavor. Hsu, Chao Lim, & Meng (2020) noted that this 
communication is the foundation of how policies eventually evolve when information is 
gained and understanding changes. Planners were considered so crucial to plan 
development in Philadelphia that PWD hired their own to assist in identifying 
opportunities and community outreach, something the department was not as well 
suited to handle.  
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 Siting projects and communicating with other stakeholders were the main 
functions planners served in implementing GSI plans, and they are well positioned to 
handle the challenges associated with these tasks. Participants noted significant issues 
with space restrictions, due mostly to how land development priorities compete for 
limited space in highly developed urban areas. Planners’ roles in land development 
policy can directly impact how those priorities are acted upon. In Philadelphia, it was 
mentioned how well planners tended to deal with stakeholders like the local 
community, the City Planning Commission, and the Parks Department. These were two 
important agencies mention in the city’s plan. Planners innate quality of having general 
knowledge of many of the systems and relationships that play out across the urban 
fabric is an asset to GSI programs.  
 While planners did contribute to the successes both city plans have achieved, 
there is one way they could be more effective. Planners should take the opportunity to 
engage regularly with engineers on issues. One planner from Philadelphia noted that by 
doing so, his ability to understand their perspective and contribute in meetings and 
project designs has increased. By expanding their knowledge base, planners are better 
suited to institute policies that they believe in. As water resource management begins to 
embrace adaptive management and governance frameworks, planners should not 
simply settle for a set at the table but should actively seek to increase their technical 
expertise as they strive to impact the development and implementation of various 
plans.  
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CONCLUSION 
 
 In summary, the GSI planning done by Philadelphia and New York was focused 
on promoting water quality, and indirectly as a way to deal with stormwater runoff 
volume. Plans and programs were developed using present day, at the time, data and 
focused on everyday precipitation events more so than future projections and severe 
events. This is not to say that climate change was not a factor but plans indirectly 
address related issues instead of committing to climate changes as an impetus for 
design and implementation. Plans were designed to produce a range of environmental, 
social, and economic outcomes that promote resiliency in communities.  
 There is significant opportunity for planners to impact GSI planning and 
implementation. Planners’ ability to communicate with various stakeholders and 
provide relevant expertise is well suited to adaptive management and governance 
frameworks. Some of the biggest challenges faced in implementing these GSI programs 
were issues of space and community pushback, and planners have direct involvement 
with both. Even if they are not directly involved with plans themselves, planners can still 
promote the core principles of these plans as they develop other land use policy and 
documents such as comprehensive plans.  
 Planners should focus on developing additional technical expertise in order to 
engage with technical perspectives during both the planning and implementation 
processes. This will better position them to advocate for their positions as well as 
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contribute in all aspects of stormwater management. Expanding their vocabulary and 
developing the emotional intelligence to foster collaboration and generate compromise 
should be two goals every planning student strives to achieve.   
 
Limitations 
 The main limitations of this study are in regard to the sample of participants 
There were ten interview participants, six of which were from Philadelphia and only 1 
from Boston. This small sample size may not have been enough to generate legitimate 
conclusions from their collective experiences.  The concentrated geographic 
representation skews results and potential conclusions towards the city of Philadelphia 
and makes it extremely difficult to draw conclusion for the city of Boston. Perspectives 
were also concentrated in the public realm, with only two participants representing 
non-public organizations.  
 An additional limitation is that the plan for the city of Boston is a framework 
document from a non-profit organization, while the other two documents are GSI plans 
drafted and adopted by municipal governments. This created an additional perspective 
in analysis, but also makes any comparisons of the content in the documents very 
difficult. A more consistent approach would have been analyzing GSI content in the 
city’s Complete Streets plan.  
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Finally, a third limitation is the lack of inter-coder reliability. I was the only one 
involved in coding responses, which means there was no check on my personal biases 
while doing so.  
 
Recommendations for Future Research 
 The implications of this research should be used to aid in the development and 
implementation of future GSI plans in large urban areas. While this study focused on 
areas in the Northeastern United States, there are now many different cities attempting 
to implement GSI programs across the country. Improvements to the research design 
can be made by increasing and diversifying interview participation.  
 Future studies should also look at the equity of GSI planning and 
implementation. Some aspects of this concept were explored in this study, however 
there is significant opportunity to expand on these findings to better understand how 
traditionally marginalized and poorer communities benefit from GSI programs. One of 
the core benefits to implement GSI approaches is the expectation that they will 
generate environmental, social, and economic benefits. It is important to look at how 















Initial Email Script: 
Hello __________, 
 
My name is Kyle Dool and I am a Master’s Student studying City & Regional Planning at 
Clemson University. I am currently working on a thesis studying the green infrastructure 
planning & implementation process, with a focus on densely populated areas in the 
Northeast USA. I’m writing this email to ask if you’d like to participate in my study as an 
interview subject, speaking on your experience with your city’s plan. I’ve identified you 
because you are listed as a participant ………. If you feel I should be speaking to 
someone else with more experience and/or knowledge of the process, can you please 
refer me to them? 
 
The interview will last about 45 minutes to 1 hour, consisting of questions about how the 
plan was created & how implementation has gone since its adoption. Interviews will take 
place over Zoom, or another software if you are unable to use Zoom. I can send you the 
interview instrument if you wish to review it before making a decision.  
 
I look forward to learning about your experiences and developing a deeper understanding 









Follow Up Email:  
Hello _________, 
 
I just wanted to reach out and follow up on my interest to interview you for my thesis 
study on green infrastructure. My original email was sent on (________), if you’d like to 
review more detailed information on my study.  
 
I’d love to have your perspective included in my study and look forward to setting up an 
interview soon!  
 
 









Follow Up Phone Call: 
Hello ___________, 
 
My name is Kyle Dool and I’m a Master’s student in City and Regional Planning at 
Clemson University, currently working on a thesis about green infrastructure. I’m calling 
in regards to an interview request I emailed you on _______. You can reach me either at 
that email address or this phone number, 267-977-1518. I look forward to hearing from 
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Information about Being in a Research Study 
Clemson University 
 
Green Stormwater Infrastructure: Lessons and Challenges 
For Urban Planners in Northeastern United States 
 
KEY INFORMATION ABOUT THE RESEARCH STUDY 
Kyle Dool, a master’s student in the Department of Planning, Development and 
Preservation at Clemson University, is inviting you to volunteer for a research study. 
Kyle is conducting the study along with Dr. Caitlin Dyckman, Dr. John Gaber, and Dr. 
Daniel Hitchcock, faculty members at the Clemson University. 
Study Purpose: The purpose of this research is to understand the processes involved in 
developing and implementing green stormwater infrastructure plans in heavily 
urbanized areas. The focus is on the cities of Philadelphia, PA, New York City, NY, 
and Boston, MA in an effort to analyze coastal cities with aging infrastructure systems 
with projected changes in climatic conditions, specifically increases in severe weather 
events.  
Voluntary Consent: Participation is voluntary, and the only alternative is to no 
participate. You will not be punished in any way if you decide not to be in the 
study or to stop taking part in the study.  
Activities and Procedures: Your part in the study will be to explicate the 
development and implementation of the green infrastructure plan in your city. 
Participation Time: It will take you about 45 minutes to participate in the 
telephone or Zoom interview in this study. 
Risks and Discomforts: We do not know of any risks or discomforts to you in 
this research study.  
Possible Benefits: We do not know of any way you would benefit directly from 
taking part in this study. However, this research will help us understand how 
different professions are involved in the stormwater planning and management 
processes and heavily urbanized areas associated with increasing risks from 
climate change.  
 
AUDIO/VIDEO RECORDING AND PHOTOGRAPHS 
 
Interview sessions will be recorded as both audio and video recordings. The video 
recordings will be immediately deleted and only the audio will be saved. Audio 
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recordings will be help on a personal laptop and only until the entire research process is 
completed. The research team expects to hold these recordings until mid-May 2021 at 
the latest.  
 
 
PROTECTION OF PRIVACY AND CONFIDENTIALITY  
 
We will protect your privacy and confidentiality in the following ways. The hard copies 
of the interview transcripts will be maintained inside a locked apartment at all times. 
The audio recordings of the interview will be maintained digitally on the PI’s laptop and 
on a firewalled storage space in the campus server. The interview responses will be 
reported anonymously, with no identifying features. We will aggregate and generalize 
as needed to protect confidentiality. Your identity will not be revealed in any 
publication or presentation that might result from this study. The information collected 
during the study will not be used or distributed for future research studies.  
We might be required to share the information we collect from you with the Clemson 
University Office of Research Compliance and the federal Office for Human Research 
Protections.  If this happens, the information would only be used to find out if we ran 





If you have any questions or concerns about your rights in this research study, please 
contact the Clemson University Office of Research Compliance (ORC) at 864-656-0636 
or  irb@clemson.edu. If you are outside of the Upstate South Carolina area, please use 
the ORC’s toll-free number, 866-297-3071. The Clemson IRB will not be able to answer 
some study-specific questions. However, you may contact the Clemson IRB if the 
research staff cannot be reached or if you wish to speak with someone other than the 
research staff. 
If you have any questions or concerns about this study or if any problems arise, please 
contact Kyle Dool at kdool@clemson.edu 
CONSENT 
By participating in the study, you indicate that you have read the information written 
above, been allowed to ask any questions, and you are voluntarily choosing to take part in 




 107  
Kyle Dool 
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Jan. 2021 
 




How long have you worked for _______? 
What is your role at _________?  
How have you interacted with the Green Infrastructure Plan, if at all? 
What was the impetus for the plan development? 
 
II. Plan Development 
 
A. Climate Change 
 
How and to what extent did measured or perceived impacts of climate change factor 
into the development of the plan? 
What types of data were crucial in understanding future conditions? 
How did the concept of climate change impact this particular project compared to 





Please describe the BMP development and the process for selecting them. Who 
participated? Why were the ones chosen, chosen? (Context-specific, best available 
information, etc.) 
What --if any-- case studies influenced this process? Why? 
Which departments or agencies had the most control over suggesting and/or choosing 
BMPs to include? Why was this department given this authority?  
 
 
C. Adaptive Governance 
 
How would you describe the communication between departments and agencies during 
the plan making process? 
How were different perspectives and knowledge areas managed when drafting the 
plan? Was there enough diversity? 
How did new information help the process evolve over time? 




III. Plan Implementation 
 
How has the communication between agencies and departments that developed the 
plan changed as implementation has begun? 
What successes have you observed in terms of implementing the plan, and why do you 
think they were successful? 
What have been the biggest challenges in implementing the plan, and why do you think 
they have occurred? 




What advice would you give similarly situated cities for developing & implementing 
plans of their own? 
Is there anything else that you would like to discuss related to the development of your 
Green Infrastructure Plan and its implementation? 
 
Is there a colleague that you believe would provide a critical perspective and would 












IRB Exempt Review Application 
Office use only Protocol Number: 
Approval Date:     
Exempt Category: D 
1. Principal Investigator (PI): The PI must be a Clemson faculty or staff, per the PI assignment policy.
Graduate students may not be the PI if they are conducting the research for their thesis or dissertation.
The PI must have valid human research protections training.
Name: Caitlin Dyckman 
 
E-mail: cdyckma@clemson.edu
Department: City Planning and Real Estate Development Phone:  864-656-2496 
Campus address: 2-319 Lee Hall 
 Faculty  Staff  Other: CITI expiration date: 03/7/2021 (provide copy of CITI completion certificate) 
2. Enter Project Title: Green Stormwater Infrastructure: Lessons and Challenges for Urban
Planners in Northeastern United States
a. Enter title on informed consent form if different from project title:
3. Research Personnel: Will other individuals assist with recruiting, obtaining informed
consent, data collection or data analysis?
 No  
 Yes If YES, complete and attach the Additional Research Team Members Form. CITI 
completion certificate required for all team members. 
4. Study Purpose: Describe the purpose and goals of the research using plain language (avoid
technical terms, acronyms or jargon, unless explained).
Description: The study's purpose is to understand the process of developing green
infrastructure plans to manage stormwater in urban areas, taking a specific look at urban
planners' involvement throughout.
5. Sharing of Results: Describe how research results will be shared (e.g., academic publication,
evaluation report to funder, conference presentation)?
Description: The results will be shared with the Clemson MRCP program and through an oral
thesis defense. In addition to the defense presentation, the results will be published in a
digital archive for completed thesises at Clemson University. They may also be shared with
interviewees, if they express interest. Finally, there is the possobility that results are
pubished in peer-reviewed journals if the thesis is determined to be of a high enough
quality.
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 Category 1: Research, conducted in established or commonly accepted educational settings, that specifically 
involves normal educational practices that are not likely to adversely impact students' opportunity to learn 
required educational content or the assessment of educators who provide instruction. This includes most 
research on regular and special education instructional strategies, and research on the effectiveness of or the 
comparison among instructional techniques, curricula, or classroom management methods. 
Category 1 may be applied to research involving minors. 
a. Are the research activities a part of the normal class activities?
 No-describe how the activities will not adversely impact students' opportunity to learn required 
educational content:     
 Yes 
b. Does the project involve a team member who is responsible for evaluating the performance of the
instructor(s)?
 No  
 Yes-describe how the activities will not adversely impact the assessment of the instructor(s) 
providing instruction:     
c. Will the class instructor(s) be evaluated on the performance of the research activities?
 No  
 Yes-describe how the activities will not adversely impact the assessment of the instructor(s) 
providing instruction:     
 Category 2: Research that only includes interactions involving educational tests (cognitive, diagnostic, 
aptitude, achievement), survey procedures, interview procedures, or observation of public behavior (including 
visual or auditory recording) if at least one of the criteria below is met. 
Observation of public behavior criteria: observation occurring in public settings where there are no expectations 
of privacy (i.e., public park, concert) and researchers do not interact with participants. 
Category 2 MAY NOT include interventions. See Guidance on Interventions in Research Studies. 
Check at least one criterion below. Note: Identifiers include names, student ID numbers accessible through 
Canvas, audio/video recordings or photographs, demographic data that could identify a participant based on 
small sample size, master log with names and ID numbers. 
 The information obtained is recorded in such a manner that the identity of the human subjects cannot 
readily be ascertained, directly or through identifiers linked to the subjects. (Criterion may be applied to 
research involving minors.) Criterion 1 applies if NO identifiers will be linked to the research data. Criterion 1 
NOT applicable if you check criterion 3.  
 Any disclosure of the human subjects' responses outside the research would not reasonably place the 
subjects at risk of criminal or civil liability or be damaging to the subjects' financial standing, employability, 
educational advancement, or reputation. (Criterion may be applied to research involving minors.) 
 The information obtained is recorded in a manner that the identity of the human subjects can readily be 
ascertained, directly or through identifiers linked to the subjects. (Criterion may NOT be applied to research 
involving minors.) Criterion 3 applies if you WILL HAVE identifiers linked to the research data (refer to note 
above for examples of identifiers). Criterion 3 NOT applicable if you check criterion 1.  
 Category 3: Research involving benign behavioral interventions in conjunction with the collection of 
information from an adult subject through verbal or written responses (including data entry) or audiovisual 
recording if the subject prospectively agrees to the intervention and information collection. 
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Definition: For the purpose of this provision, benign behavioral interventions are brief in duration, harmless, 
painless, not physically invasive, not likely to have a significant adverse lasting impact on the subjects, and the 
investigator has no reason to think the subjects will find the interventions offensive or embarrassing. 
Provided all such criteria are met, examples of such benign behavioral interventions would include: 
• having the subjects play an online game;
• having them solve puzzles under various noise conditions; or
• having them decide how to allocate a nominal amount of received cash between themselves and
someone else.
If the research involves deceiving the subjects of the nature or purposes of the research, this exemption is not 
applicable unless the subject authorizes the deception through a prospective agreement to participate in 
research in circumstances in which the subject is informed that he or she will be unaware of or misled regarding 
the nature or purposes of the research. 
Category 3 may NOT be applied to research involving minors. 
a. Does the research involve benign behavioral intervention(s) as described below?
 No-your project does not meet the criteria for Exempt review under category 3. Complete the 
Expedited application.  
 Yes-describe intervention(s): 
b. Does the research involve deceiving the participants of the nature or purposes of the research?
 No  
 Yes-see guidance on Research Involving Deception or Concealment AND attach the debriefing form 
for review. 
c. Will you notify the participants in the informed consent document that the research involves an
intervention and/or deception of the nature or purposes of the research (you do not have to describe
the details of the intervention or deception, just that the research involves an intervention and/or
deception of the nature or purposes of the research)?
 No-your project does not meet the criteria for Exempt review under category 3. Complete the 
Expedited application. 
 Yes 
Check at least one criterion below. Note: Identifiers include names, student ID numbers accessible through 
Canvas, audio/video recordings or photographs, demographic data that could identify a participant based on 
small sample size, master log with names and ID numbers. 
 The information obtained is recorded by the investigator in such a manner that the identity of the 
human subjects cannot readily be ascertained, directly or through identifiers linked to the subjects. 
Criterion 1 applies if NO identifiers will be linked to the research data. Criterion 1 NOT applicable if you check 
criterion 3.  
 Any disclosure of the human subjects' responses outside the research would not reasonably place the 
subjects at risk of criminal or civil liability or be damaging to the subjects' financial standing, employability, 
educational advancement, or reputation. 
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 The information obtained is recorded by the investigator in such a manner that the identity of the 
human subjects can readily be ascertained, directly or through identifiers linked to the subjects. Criterion 3 
applies if you WILL HAVE identifiers linked to the research data (refer to note above for examples of 
identifiers). Criterion 3 NOT applicable if you check criterion 1.  
 Category 4: Secondary research for which consent is not required: Secondary research uses of identifiable 
private information or identifiable biospecimens. 
Category 4 may: 
• be applied to identifiable private information or identifiable biospecimens collected from minors;
• involve future collection of identifiable private information or identifiable biospecimens if the data or
biospecimens are not being collected specifically for your proposed research study.
Data Use Agreement or Material Transfer Agreement may be required to share the data and/or biospecimens 
with other researchers. 
An Institutional Biosafety Committee (IBC) protocol may be required for secondary research use of biospecimens. 
a. Was the data or biospecimens initially collected for non-research purposes or from other research
studies that did not require the participants’ informed consent?
 No-your project does not meet the criteria for Exempt review under category 4. Go to category 8. 
 Yes  
b. Check at least one criterion below. Note: Identifiers include names, ID numbers, audio/video recordings
or photographs.
 The identifiable private information or identifiable biospecimens are publicly available (either by 
paying a fee, submitting a request, or available without restrictions). 
 Information, which may include information about biospecimens, is recorded by the investigator in 
such a manner that the identity of the human subjects cannot readily be ascertained directly or through 
identifiers linked to the subjects, the investigator does not contact the subjects, and the investigator will 
not re-identify subjects. 
 The research involves only information collection and analysis involving the investigator's use of 
identifiable health information when that use is regulated under HIPAA (45 CFR parts 160 and 164, 
subparts A and E), for the purposes of “health care operations” or “research” as those terms are defined 
at 45 CFR 164.501 or for “public health activities and purposes” as described under 45 CFR 164.512(b). 
Criterion 3 ONLY applies if identifiable health information is being shared between two HIPAA covered 
entities (i.e., two health facilities sharing data). Criterion 3 DOES NOT APPLY if identifiable information is 
being shared from a health facility to an academic institution.  
 The research is conducted by, or on behalf of, a Federal department or agency using government-
generated or government-collected information obtained for nonresearch activities, if the research 
generates identifiable private information that is or will be maintained on information technology that is 
subject to and in compliance with section 208(b) of the E-Government Act of 2002, 44 U.S.C. 3501 note, if 
all of the identifiable private information collected, used, or generated as part of the activity will be 
maintained in systems of records subject to the Privacy Act of 1974, 5 U.S.C. 552a, and, if applicable, the 
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information used in the research was collected subject to the Paperwork Reduction Act of 1995, 44 U.S.C. 
3501 et seq. 
c. List the data fields/variable and/or describe the biospecimens that will be used:
d. Identify the data holder and/or source of the biospecimens:
e. Is a Data Use Agreement and/or Material Transfer Agreement required for you to access the data and/or
biospecimens?
 No   
 Yes– provide copy of agreement 
f. Describe, in details, your data management plan for storing and securing the data and/or specimens,
including protecting the privacy of participants and maintaining confidentiality of data:
If requesting Exempt review under Category 4 ONLY, then go to question 15. 
 Category 5 (Contact IRB office if you believe your study falls under this category): Research and 
demonstration projects that are conducted or supported by a Federal department or agency, or otherwise 
subject to the approval of department or agency heads (or the approval of the heads of bureaus or other 
subordinate agencies that have been delegated authority to conduct the research and demonstration projects), 
and that are designed to study, evaluate, improve, or otherwise examine public benefit or service programs, 
including procedures for obtaining benefits or services under those programs, possible changes in or 
alternatives to those programs or procedures, or possible changes in methods or levels of payment for benefits 
or services under those programs. Such projects include, but are not limited to internal studies by Federal 
employees, and studies under contracts or consulting arrangements, cooperative agreements, or grants. 
Category 5 may be applied to research involving minors. 
 Category 6: Taste and food quality evaluation and consumer acceptance studies: 
Check at least one criterion below: 
 Wholesome foods without additives are consumed. 
 Food is consumed that contains a food ingredient at or below the level and for a use found to be safe, or 
agricultural chemical or environmental contaminant at or below the level found to be safe, by the Food and 
Drug Administration or approved by the Environmental Protection Agency or the Food Safety and Inspection 
Service of the U.S. Department of Agriculture. 
Category 6 may be applied to research involving minors. 
 Category 7 (Contact IRB office if you believe your study falls under this category): Storage or maintenance 
for secondary research for which broad consent is required: 
Data Use Agreement or Material Transfer Agreement may be required to share the data and/or biospecimens 
with other researchers. 
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Category 7 may be applied to identifiable private information or identifiable biospecimens collected from 
minors. 
An Institutional Biosafety Committee (IBC) protocol may be required for secondary research use of biospecimens. 
a. Check all that apply. Note: Identifiers include names, ID numbers, audio/video recordings or
photographs.
 Storage or maintenance of identifiable private information for secondary research. 
 Storage of maintenance of identifiable biospecimens for secondary research. 
b. Was broad consent for storage, maintenance, and secondary research use of identifiable private
information or identifiable biospecimens obtained from participants?
 No-your project does not meet the criteria for Exempt Category 7. 
 Yes 
c. Was broad consent obtained in writing or did an IRB waive the documentation for written informed
consent?
 No-your project does not meet the criteria for Exempt Category 7. 
 Yes-describe the informed consent process: 
d. Describe your management plan for storing and securing the data and/or specimens, including protecting
the privacy of participants and maintaining confidentiality of data:
If requesting Exempt review under Category 7 or under Categories 7 and 8 ONLY, then go to 
question 15. 
 Category 8 (Contact IRB office if you believe your study falls under this category): Secondary research for 
which broad consent is required: Research involving the use of identifiable private information or identifiable 
biospecimens for secondary research use. 
a. ALL of the following criteria MUST apply: Note: Identifiers include names, ID numbers, audio/video
recordings or photographs.
 Broad consent for the storage, maintenance, and secondary research use of the identifiable private 
information or identifiable biospecimens was obtained; 
 Documentation of informed consent or waiver of documentation of consent was obtained; 
 The research to be conducted is within the scope of the broad consent; AND 
 The investigator does not include returning individual research results to subjects as part of the study 
plan. This provision does not prevent an investigator from abiding by any legal requirements to return 
individual research results. 
a. List the data fields/variables and/or describe the biospecimens that will be used:
b. Identify the data holder and/or source of the biospecimens:
c. Is a Data Use Agreement and/or Material Transfer Agreement required for you to access the data and/or
biospecimens?
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6. Research Timeline: Anticipated start date: Upon Approval from IRB. Anticipated completion
date: 05/30/21
7. Funding: Is the research funded (external, internal) or are you offering monetary incentives?
 No   
 Yes If YES, answer 7a-b 
a. Enter funding source (Do not use acronyms):
b. If the research is externally or internally funded:
Was the award processed through InfoEd?
 No   
 Yes, enter ten-digit InfoEd proposal number (PPN): 
Did the IRB office issue a developmental (temporary) approval for this research? 
 No   
 Yes, enter the IRB protocol number: 
8. Research Site(s): Check all that may apply.
 online   
 Clemson campus - enter site location(s):    
 non-Clemson site (within U.S.)-enter site location(s):   
 international (outside of the U.S.)-enter site location(s): 
Non-Clemson site(s): Off-campus site permission required. Contact appropriate 
office/department and keep site/support letter or e-mail approval on file with your research 
records. If collecting data at another institution that has an IRB, you may need permission 
from each participating institution’s IRB office. See Guidance on the Submission of Research 
Site/Permission Letters for more information.  
International projects: Additional approval may be required. See FAQs and OHRP 
International Compilation of Human Research Standards. 
 No  
 Yes– provide copy of agreement 
d. Describe your management plan for storing and securing the data and/or specimens, including protecting
the privacy of participants and maintaining confidentiality of data:
Category 8 may be applied to identifiable private information or identifiable biospecimens collected from 
minors. 
An Institutional Biosafety Committee (IBC) protocol may be required for secondary research use of biospecimens. 
If requesting Exempt review under Category 8 or under Categories 7 and 8 ONLY, then go to 
question 15. 
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9. Exempt Review Categories: Select one or more of the categories below that applies to your
research AND provide the information requested for each category selected.
10. Study Population
a. Enter projected number of participants that will be enrolled in the study: 20
b. Identify the group(s) specifically targeted for the study (check all that may apply).
Clemson students  Clemson faculty/staff 
 Adults not affiliated with Clemson  Minors, including wards of the state, or any other 
agency, institution, or entity: describe age group     
 Non-English speaking individuals specifically 
targeted 
 Individuals with intellectual disabilities specifically 
targeted 
 Individuals with impaired decision-making capacity 
specifically targeted 
 Individuals economically or educationally 
disadvantaged specifically targeted 
 DoD personnel (includes civilian employees)  Pregnant women specifically targeted 
 Prisoners (requires Full Board Review Application)  Human Fetuses and/or Neonates 
Other-describe: 
11. Recruitment Procedures
a. Describe how potential participants will be identified and how you will obtain contact
information: Participants will be indentified through reading official plans published by
cities and identifying persons who were involved in the development and drafting of the
plans. Interviewees will be mostly urban planners and water professionals, from both
public angencies and private consulting firms, and others involved in the planning
process. Contact information will be obtained through publicly accessible websites.
Additional participants with professional knowledge will be identified through snowball
sampling in other inerviews with their colleagues, who will also provide their contact
information.
b. Are there any inclusion or exclusion criteria for participation?
 No 
 Yes-describe criteria and screening process to determine eligibility (provide copy of 
screening tool) and briefly explain why the inclusion or exclusion criteria is necessary for 
your research:Participants need to be involved with either the development or 
implementation of the green infrastructure plans. They will be identified by their 
professional expertise, as noted in the plans or their professional job descriptions/duties 
on their employers' websites.  
c. Check all recruitment methods below AND attach copy of recruitment documents for
review. See Guidance for Recruitment Materials for more information on what is
required on the documents. Participants may not be contacted prior to IRB review.
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 Flyers/Advertisements E-mail notice
 In-person-describe:     Internet-describe:
 Dept. subject pool-describe: Letter mailed to individuals
Other-describe: follow-up phone calls 
12. Participant Incentives
a. Will participants receive any incentive or compensation for participating in the study?
 No  
 Yes-answer 12b-c. 
b. Are there any conditions for receiving incentives (i.e., have to complete all research
activities, answer attention check questions correctly)?
 No 
 Yes-describe: 
c. Check all that apply and provide requested information for each incentive checked (all
incentives must be listed on informed consent document):
Course/extra credit for students (an equivalent alternative to research participation must be provided and 
described on informed consent document): Indicate number of credits that will be offered and if partial 
credits will be offered:     
Gift(s) - describe gift(s) [include value and when gift(s) will be given]: 
Monetary incentive(s): Indicate value of incentive, when incentive will be given and if partial payment will 
be offered:     
13. Research Methods and Procedures
a. What data will you collect? Check all that may apply AND attach copy of data collection
instruments/tools for review (i.e., surveys, interview questions).
 Surveys/Questionnaires  Individual interview 
 Focus group  Observation 
 Student educational records (FERPA may apply)  Protected Health Information (HIPAA may apply) 
 Digital data (i.e., computer, cell phone, other equipment/devices)- describe data that will be collected: 
 Other-describe:     
b. Will you audio/video record or photograph participants?
 No 
 Yes-check all that may apply:  Audio  Video  Photographs and will you use 
audio, video, or photographs in presentations, publications, and/or training materials? 
 No  
 Yes-a media release form is required 
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See Guidance on the Use of Audio/Video Recording and Photographs for more 
information on what is required on the informed consent document. 
c. Will you use concealment (incomplete disclosure) or deception in this study? (If you are
requesting Exempt review under Category 3 AND your research only involves
deception of the nature or purposes of the research, then check “N/A.”)
 N/A  
 No  
 Yes-describe concealment or deception and provide rationale: 
See guidance on Research Involving Deception or Concealment AND attach the 
debriefing form for review. 
d. Does your study involve in-person interactions with participants?
 No 
 Yes-describe your COVID-19 safety procedures for maintaining social distancing and 
disinfecting surfaces, equipment/devices, computer or any other items the participants 
or study personnel will touch. Review the IRB COVID-19 guidance for additional 
requirements and information. 
Description: 
e. Describe the informed consent process, include who will obtain consent from all
participants, when, and how this will be done. If participants are not competent to
consent for themselves, then describe procedures for obtaining consent from legally
authorized representative. Attach all informed consent document(s) for review:
information letter, online script, and/or oral script.
Description: Participants will contacted via email and asked to participate in the study. If
a response is not received in 2 days, an additional email will be sent. This will be
repeated once more if the 2nd email is not responded to, with the participant than being
called if the third email receives no response. There will be a second phone call if the
first isn't answered, with voicemails left for each call that isn't answered.If there is still
no response, particpants will be excluded from the study. If participants agree to be
interviewed, they will be sent the informed consent document via email as soon as
possible, no later than the next day. After consent is confirmed, scheduling interviews
will also take place over email. Participants will be asked for dates and times which they
believe are best, with researcher's schedule considered secondary.
f. Describe, in detail, your data collection methods and procedures. Describe how data will
be collected, what information will be collected from participants and what sessions will
be audio/video recorded and/or photographed. Describe data collection procedures for
all instruments checked in question 13a. Provide a timeline or schedule of events, if
applicable.
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Description: Audio from interviews (the responses to the interview instrument) will be 
recorded over Zoom, with interviews taking place over the months of February & March. 
Video files (.mp4) will be deleted after the meetings as they will not be used for analysis. 
This audio will then be transcribed in order to be coded, where responses will be 
agreegated for anonymity.    
g. What is the total time (hours, minutes, days) that each participant will spend completing
the research activities, include follow-up sessions?
Description: Interviews should last about 45 minutes to 1 hour.
14. Data Management Plan
a. Will you collect identifiable information (i.e., names, student ID numbers accessible
through Canvas, audio/video recordings or photographs, demographic data that could
identify a participant based on small sample size, master log with names and ID
numbers) during the study that could DIRECTLY link the participants to the research
data being collected?
 No-go to question 15. 
 Yes-answer 14b-d. 
b. Describe, in details, your data management plan for storing and securing the identifiable
data, protecting the privacy of participants and maintaining confidentiality of data.
Description:
c. How long will you retain identifiable data (i.e., names, audio/video recordings,
photographs, digitized data, codes or links to identifiers)?
Description: Audio recordings will be held on a personal laptop until mid-May 2021. The
files will be maintained digitally on a firewalled storage space in the campus server. The
laptop that will used for the research runs a VPN encryption, utilizes a fingerprint
signature as a password, and will constantly be kept inside a locked apartment. After
research is completed and the thesis is defended and pubished, audio files will be
deleted.
d. Will you share identifiable data with other institutions, agencies, or companies?
 No 
 Yes 
Describe data management plan on informed consent document(s) and notify participants if 
data will be shared with other institutions, agencies, companies and/or used to support 
future studies. 
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15. Conflict of Interest Statement/Financial Disclosure:
Could the results of the study provide an actual or potential financial gain to you, a member
of your family, or any of the co-investigators, or give the appearance of a potential conflict
of interest (COI)? Refer to Conflict of Interest policy for more information.
 No 
 Yes; indicate the status of the COI and/or financial disclosure:  On file with COI 
office   Will be submitted to COI office  
16. PI Confirmation: Submission from the PI certifies that:
• The information in the IRB packet is accurate and complete.
• The PI is familiar with the Federalwide Assurance for the Protection of Human
Subjects held by Clemson University and institutional guidelines regarding human
subjects research, and agrees to abide by the provisions of the Assurance and the
determination of the IRB.
• The PI is responsible for assuring that all team members listed on the protocol are
properly trained and adverse events, research-related injuries, or unexpected
problems affecting the rights or safety of research participants are reported
promptly to the Office of Research Compliance.
• The proposed research study is in compliance with the PI department’s policies and
procedures.
• The PI understands that failure to adhere to any of these guidelines may result in
immediate suspension or termination of the research.
Principal Investigator: Caitlin Dyckman Date: 2/4/20 
Submission Instructions: 
The PI has to submit the IRB packet (application, recruitment materials, informed consent 
materials, and data collection instruments/tools) to IRB@clemson.edu.  
International research – Review of international research may require additional time due to 
requirements in other countries, negotiation of Individual Investigator Agreements, arranging 
appropriate local context reviews, and geographical and communication constraints. Submit IRB 
application at least three to six months before your anticipated start date. More information on 
local context reviews is available on our FAQ webpage, 
http://www.clemson.edu/research/compliance/irb/faq.html. The International Compilation of 
Human Research Standards is available on the Office of Human Research Protections (OHRP) 
webpage. 
Current versions of the applications and templates are available on the IRB forms webpage. 
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